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SUMMARY 
During the course of studies on the effect of 
piperazine on cholesterol metabolism, considerable inter-
animal variation was noted and the study of this variation 
became the main theme of this thesis. 
The observations of Redgrave and West (1972) on 
the differential effect of piperazine on the cholesterol-
aemia produced by cholesterol feeding in male and female 
rabbits were extended to castrated male and female rabbits. 
Castration did not alter the differential effect of 
piperazine on cholesterol metabolism, i.e. in male rabbits 
hypercholesterolaemia was reduced but in females it was 
augmented. 
In the same experiments hepatic microsomal 
cytochrome P-450 was measured. Intact female rabbits had 
higher P-450 concentrations than males and the difference 
was removed after castration. Piperazine reduced P-450 
concentrations in males but not females. 
It was concluded that the differential effect of 
piperazine on cholesterol metabolism in male and female 
rabbits must operate at a chromosomal or somatic level of 
sexual differentiation and not through the gonad. There 
is no simple relationship between hepatic total P-450 
concentration and cholesterol metabolism. 
To study the wide variation noted during the 
above experiments, a large population of normal rabbits was 
examined. The plasma cholesterol concentration of this 
population showed a wide range of variation primarily 
associated with sex, age, season and inheritance. 
XVll 
The plasma cholesterol concentration: 
a) is higher in females than males 
b) decreases with age in males and is unchanged in females 
c) shows . greater seasonal variation in females than males 
d) is lower in pregnant and lactating females than in 
non-pregnant, non-lactating females 
e) has a heritability of 62±38.8% in females and 
22±20.2% in males. 
The large error in the male estimate of heritability makes 
it difficult to state if the trait is heritable in male 
·rabbits. 
Studies of a large population of cholesterol-fed 
rabbits showed a wide range of cholesterolaemia. The 
cholesterolaemia produced by cholesterol feeding: 
a) shows a positive correlation for both males and females 
between the initial plasma cholesterol concentration 
and the increase observed after three weeks on a diet 
containing added cholesterol 
b) is similar for both sexes 
c) is heritable 
d) may decrease with age in both males and females. 
A controlled breeding trial from selected hyper-responding 
and hypo-responding parents established that the cholesterol-
aemic response to dietary cholesterol has a heritability 
of 50±4.7%. It is suggested that the transmission of the 
character for cholesterolaemia is polygenic. 
The milk lipids from the dams of the two strains 
of rabbits differing in their cholesterolaemic response; 
one hyper-responsive (HR) and one hypo-responsive (HO) to 
... 
XVlll 
dietary cholesterol, were analysed. The milk from HR dams 
had significantly higher (P<0.05) cholesterol and 
phospholipid concentrations than that from HO dams but 
similar triglyceride concentrations. Cross-fostering 
experiments with HO and HR offspring were carried out. 
Offspring from HO parents suckled on HR dams resembled HR 
offspring in their cholesterolaemic response. However, 
offspring from HR parents responded as HR whether they 
were raised on their natural dams or on foster HO dams . . 
It is concluded that the trait for hyper-responder 
characteristics is uninfluenced by rabbit milk whilst the 
trait for hypo-responder characteristics is dependent on 
the cholesterol and/or phospholipid concentrations in milk. 
Further studies were conducted on the HO and HR 
rabbits to determine the biochemical causes for the 
difference in the cholesterolaemia produced by cholesterol 
feeding. 
A method was developed in collaboration with 
Dr T. G. Redgrave for the separation of plasma lipoproteins 
into very low density - (VLDL), low density - (LDL) and 
high density lipoprotein (HDL) by a single 24-hour 
ultracentrifugation in swinging bucket rotors. The method 
employs a discontinuous salt gradient and separates VLDL, 
LDL and HDL as verified by a classical method and immuno-
electrophoresis. Its use for the analysis of human plasma 
lipoproteins was demonstrated. 
HO and HR rabbits, when fed the cholesterol 
containing diet differ in their plas·ma cholesterol 
concentratipn, liver cholesterol concentration and total 
xix 
faecal steroid output. It has been demonstrated that 
cholesterol-fed HO rabbits when compared wi th cholesterol-
fed HR rabbits have: 
a) lower plasma cholesterol concentration 
b) higher liver cholesteryl ester concentration and 
similar liver free cholesterol concentration 
c) lower ratio · of free cholesterol to esterified 
cholesterol in the liver 
d) similar percent distribution of cholesterol , 
triglyceride, phospholipid and protein within the 
various plasma lipoproteins 
e) similar plasma lecithin-cholesterol acyl transferase 
activity 
f) similar hepatic cholesteryl ester hydrolase activity 
g) similar suppression of hepatic cholesterol synthesis 
h) similar ascorbic acid concentrations in blood 
adrenals and liver 
i) increased daily output of total faecal steroids 
derived from cholesterol. 
HO and HR rabbits do not differ in any of the 
above ways when fed the diet containing no added cholesterol. 
It is concluded that cholesterol feeding is 
necessary to demonstrate the difference between HO and HR 
rabbits and this difference is associated with the plasma/ 
liver partition of cholesterol and the ability of the HO 
animals to excrete more total faecal steroids. This may be 
either by decreased absorption or increased endogenous 
output. 
INTRODUCTION 
1 
1. Atherosclerosis 
Atheroscleros is is a major cause of death and 
debility in present day society (Epstein, 1973) and yet 
despite many years of research its aetiology has still not 
been fully elucidated. It is a complex process wh,ich may 
be regarded as a dynamic interaction among (a) the 
structural and metabolic properties of the arterial wall, 
(b) the components of the blood and (c) the haemodynamic 
forces (Getz, Vesselinovitch and Wissler, 1969). The 
ultimate result of such factors is a narrowing of the lumen 
of the vessel. Complete occlusion may follow thrombus 
formation or haemorrhage into the affected arterial wall. 
Involvement of a coronary artery may lead to a coronary 
event. To the more familiar "risk factors" associated with 
atherosclerosis and coronary heart disease (CHD) such as 
hypertension, hypercholes terolaemia, hypertriglyceridaemia, 
obesity, smoking and physical activity (Eades, 1968; 
Morris and Gardner, 1969), have been added in recent 
epidemiological studies various other components such as 
heredity (Rose, 1969), mental stress (Rosenman and Friedman, 
1971) and water hardness (Rose, 1969). Unexplained 
variability is still present in a population after all the 
other risk factors have been taken into consideration 
(Strong and ~ggen, 1969) . Thus it can be seen that there 
are numerous predisposing factors to atherosclerosis many 
of which in fact may only be secondarily related to the 
production of CHD. A primary causative agent has not yet 
been demonstrated, that is,if the disease is not 
multifactorial. The original proposition that 
atherosclerosis was a viral disease of the aorta has 
recently been reintroduced and discussed by Cliff (1974) 
who suggests that the disease has only recently reached 
epidemic proportions because of population pressures. 
With this multiplicity of evidence for the aetiology of 
atherosclerosis it is not surprising that the researcher 
has turned to animal models. These provide not only 
several advantages but also certain obvious disadvantages 
as discussed below. 
2. Therapies · ·for· athe·roscler·osis. 
As hyperlipoproteinaeroia is one of the major 
risk factors (National Institutes of Health, 1971) and is 
more readily determined than the presence of athero-
2 
sclerotic lesions, therapy has come to depend on inference 
from the hyperlipaeroic state. This usually concentrates on 
reducing the hyperlipaemia, usually the hypercholesterolaemia, 
by diet and/or drugs on the assumption that this will 
reverse or halt the progress of the disease. At the same 
time, other risk factors are treated and reduced if possible. 
It is generally believed that those people regarded as being 
at risk should be on diets in which the fat component 
contains a significant proportion of mono-unsaturated and 
poly-unsaturated fats (Brown, 1969). However there is 
considerable controversy over the large scale substitution 
of polyunsaturated fats for saturated fats in the population 
at large (West and Redgrave, 1974). In all the above 
treatments, the primary aim is to reduce plasma cholesterol 
concentration on the assumption that this will halt or 
retard the progress of atherosclerosis {Eades, 1968; 
Dayton, 1971) . . For testing hypocholesterolaemic agents 
animal models are necessary and such models are discussed 
in the next section. 
3. Animal models for the study of atherosclerosis. 
3 
The advantages of animal models can be summarised 
as follows: 
experimental atherosclerosis can be produced 
in a comparatively short time; 
dietary and environmental factors can be 
controlled; 
a variety of animal models allow for the 
collection of complementary data; 
pre-clinical testing of various drugs for 
the reduction, prevention or reversal of 
atherosclerosis can be carried out; 
hypotheses as to the aetiology of 
atherosclerosis can be tested. 
However, there are major disadvant~ges to animal 
models. The first is the obvious one that the results 
obtained in animals may not be validly applied to man. 
The second is that a really good model for human athero-
sclerosis has yet to be found, although swine and sub-human 
primates closely approximate the human condition (Clarkson, 
1972). The third disadvantage is that dietary manipulation, 
usually involving increased lipid intake, is necessary for 
the production of atherosclerosis. The incidence of 
spontaneous atherosclerosis in rabbits, chickens, turkeys, 
pigeons, swine and sub-human primates has been reviewed by 
Clarkson {1963) and by Stout and Groover (1969). The 
production of dietary induced atherosclerosis in various 
laboratory animals and sub-human primates has been 
reviewed by Kritchevsky (1969) and Clarkson (1972). 
4 
In all animal models with spontaneous athero-
sclerosis, hypercholesterolaernia produced by dietary 
cholesterol exacerbates the lesion (Clarkson, 1972). In 
addition, atherosclerotic lesions have been induced by 
hypercholesterolaemia in species which do not naturally 
develop the lesions (Clarkson, Pritchard, Bullock, Lehner, 
Lofland and St. Clair, 1970). Despite the differences 
. in 
the lesions produced in animals, the involvement of 
hypercholesterolaemia in the production of atherosclerosis 
in both man and animals provides encouragement for the use 
of animal models. 
4. The rabbit as an experimental model. 
The rabbit was the first animal to be used as a 
model for atherosclerosis (Saltykow, 1908; Ignatowski, 
1909) and despite certain disadvantages it has continued to 
be used for such purposes. The suitability of the rabbit 
as a model has been reviewed by Clarkson (1963, 1972) and 
Kritchevsky (1969). Briefly, the principal advantage has 
been the rapidity with which the animal becomes hyper-
cholesterolaemic and hence atherosclerotic when fed a 
variety of natural or semi-synthetic diets. Cholesterol 
or casein fed as a component of normal rabbit feed produces 
hypercholesterolaemia (Carroll, 1971). Saturated fat 
enhances the hypercholesterolaemia and polyunsaturated fat 
reduces it, although these agents added alone to normal 
5 
rabbit food do not produce hypercholesterolaemia 
(Kritchevsky and Tepper, 1968; Carroll, 1971). 
Semi-synthetic diets without added cholesterol produce 
hypercholesterolaemia which is enhanced by saturated fat 
and reduced by polyunsaturated fats (Carroll, 1971). The 
carbohydrate and protein source of the diet also influence 
the degree of hypercholesterolaemia produced (Kritchevsky, 
Sallata and Tepper, 1968; Meeker and Kesten, 1941). 
The disadvantages of the rabbit as a model, centre upon the 
types and distribution of atherosclerotic lesion produced 
by dietary manipulation. Prior, Kurtz and Ziegler (1961) 
have contrasted the distribution of lesions in the human 
with those found in the cholesterol-fed rabbit. However, 
with suitable manipulation of the animal through dietary 
and hormonal means, lesions resembli~g those of the human 
type can be produced (Constantinides, Booth and Carlson, 
1960; Constantinides, 1961; Clarkson et al., 1970). The 
objections to studying "cholesterol storage disease" in the 
rabbit can be overcome by producing atherosclerotic lesions 
with a cholesterol-free semi-synthetic diet (Kritchevsky, 
1969). Further support for the use of the rabbit as a 
model for the study of atherogenesis has appeared recently 
when it was shown that rabbits use the same method for the 
transport of lipid into atherosclerotic plaques as occurs 
in human aortic lesions (Walton, 1973). However, as in 
man, there is considerable inter- and intra-strain variations 
in the susceptibility of rabbits to both hypercholesterolaemia 
and atherosclerosis. It is this variation in hyper-
cholesterolaemia in rabbits which is the subject of this 
6 
thesis. An understanding of the causes of variation in 
cholesterol metabolism in the rabbit may help in elucidating 
the wider problem in man. 
5. Variations in plasma cholesterol in the rabbit. 
There are many references in the literature to 
variations in the plasma cholesterol concentration in 
rabbits. For example Laird, Fox, Schultz, Mitchell and 
Blau (1970) observed considerable differences between 
eleven strains of rabbits, and Wang, Schaeffer, Drachman 
and Adlersberg (1953) within three strains. Differences 
between sexes have also been observed - male rabbits have 
been shown to have significantly lower plasma cholesterol 
concentrations than female rabbits (Laird et al., 1970; 
Fillios and Mann, 1956). 
Variations with age have also been shown. 
Shope (1928) showed that for male rabbits after weaning, 
there was a gradual decline in plasma cholesterol concen-
tration from 45 days to 292 days . For females there was 
a more erratic decline with the concentration being higher 
than that of the. males at similar time points. However 
only 1 male and 2 female rabbits were studied. More 
recently, Laird and Fox (1970) have shown a rapid decrease 
post-weaning, for both sexes of rabbits, with a much less 
pronounced decrease from 50-120 days. Similarly, Geison 
and Waisman (1970), in studies on male rabbits demonstrated 
a decrease in plasma cholesterol concentration from 56 
to 126 days. 
The cholesterolaemic response of rabbits to 
dietary cholesterol has been known and studied ever since 
7 
Anitschkow (1914) fed cholesterol containing diets to 
rabbits and produced lipid accumulations in the aortic 
intima. Variations in the magnitude of the hypercholesterol-
aemia produced by cholesterol feedi~g for varying periods 
up to 12 months have been reported by Rohrschneider (1925), 
Tholldte (1927), Turner and Bidwell (1937) and Carroll 
(1971). These variations can be grouped into 3 or 4 types 
of cholesterolaemic response (Pollak, 1945; Sinitsina and 
Lovyagina, 1956) and Fillies and Mann (1956) suggested 
classifying rabbits as hypo-responders, normo-responders or 
hyper-responders to dietary cholesterol. There are many 
reports of rabbits resistant to dietary induced hyper-
cholesterolaemia (Deicke, 1926; Turner, Present and Bidwell, 
1938; Fillies and Mann, 1956; Sinitsina and Lovyagina, 
1956; Novitskii, 1971). Where the sex of the animals 
studied is mentioned, this resistance is more common in 
males than females (Turner and Bidwell, 1937; Fillies and 
Mann, 1956) and occurs with an incidence of between 10 and 
20% of animals studied. The above reports on resistance to 
the development of hypercholesterolaemia were based on 
results from various strains of rabbits using various 
methods for the administration of the cholesterol to the 
animal. The magnitude of the cholesterolaemia produced by 
feeding amorphous or crystalline cholesterol, or cholesterol 
suspended in corn oil is quite variable (Kritchevsky, 
Marcucci, Sallata and Tepper, 1969). In general, increased 
quantities of cholesterol fed per day produces increased 
cholesterolaemia (Fillies and Mann, 1956; Adams, Gaman and 
Feigenbaum, 1972). However, the degree of atherosclerosis 
produced is more dependent on the vehicle used to 
administer the cholesterol than on the increase in plasma 
cholesterol concentration (Clarkson, 1963). Rabbits 
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resistant to cholesterol-induced hypercholesterolaemia have 
been reported in the New Zealand White, Chinchilla and 
Dutch belted strains (Fillies and Mann, 1956; Novitskii, 
1971; Turner et al., 1938; Adams et al., 1972). In this 
laboratory, hypo-responder rabbits of our outbred semi-lop 
strain were first observed during a study of the differential 
effects of piperazine on the cholesterolaemia produced by 
cholesterol feedi~g in male and female rabbits (Redgrave 
and West, 1972). Further work on piperazine was carried 
out as described below but large groups of animals were 
necessary because of the appearance of these resistant 
animals. It was therefore decided to study this variation 
because there was an indication from the breeding records 
of the rabbits in the colony maintained by the Animal 
Breeding Establishment of the Australian National University, 
that the variation might be inherited. Thus there was the 
possibility of selecting for a strain of rabbits with a 
reproducible cholesterolaemic response to dietary cholesterol. 
This would be an extremely useful group for the testing of 
hypocholesterolaemic agents. In this thesis is reported the 
results of a breeding program for the selection of hyper-
and hypo-responder rabbits and the heritability of such 
characteristics. Further experiments are reported 
determining the biochemical differences in cholesterol 
metabolism between the two groups. A discussion of 
cholesterol metabolism and its control is contained in 
the next section. 
6. Cholesterol metabolism. 
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Cholesterol metabolism and its regulation has 
been extensively reviewed (Goodman, 1965; Dietschy and 
Wilson, 1970a, b, c; Ho and Taylor, 1970; Rautureau, 
Coste and Rautureau, 1972) and only a brief summary of the 
essential features will be mentioned here. 
(a} Absorption: 
The role of the enterohepatic circulation has 
been reviewed recently by Dowling (1972} and is intimately 
involved in cholesterol and fat absorption (Watt and 
Simmonds, 1970; Simmonds, 1969}. Exogenous cholesterol 
ester is hydrolysed in the presence of bile-salt activated 
pancreatic cholesterol ester hydrolase. If sufficient bile 
acids, fatty acids and monoglycerides are present the free 
cholesterol is solubilized in mixed micelles (Dietschy and 
Wilson, 1970a} and brought into contact with the brush 
borders of the intestinal absorptive cells. Maximal 
absorption of cholesterol takes place in the proximal 
region of the jejunum (Borgstrom, 1960} and is presumed to 
be a passive process (Taylor and Ho, 1967}. Once absorbed 
the cholesterol mixes with the intracellular pool of free 
cholesterol, some of which will be derived from synthesis 
in situ. Most of this is esterified, incorporated in 
chylomicra, and released into the intestinal lymphatics 
(Rautureau et al., 1972}. Regulation of absorption depends 
on bile salts being present and whether fat is fed with the 
cholesterol (Deuel, 1955). Fat in the diet leads to 
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increased absorption of cholesterol. Whether this is a 
result of the fat stimulating bile flow, provi ding additional 
fatty acids and monoglycerides for micelle formation, or 
increasing chylomicron formation or all three is not known 
(Dietschy and Wilson, 1970b). The size of chylomicrons and 
hence their capacity for cholesterol transport is also 
affected by the amount of fat fed (Fraser and Courtice, 
1969). Unsaturated fats result in better absorption of 
cholesterol than saturated fats (Gould and Cook, 1958) and 
considerable variation between species occurs in the 
ability to absorb cholesterol (Rautureau et al., 1972). 
Once absorbed, cholesterol contained in lymph 
chylomicra enters the blood stream via the thoracic duct. 
Lipoprotein lipase rapidly removes triglyceride at tissue 
sites and the cholesterol eventually reaches the liver 
contained in chylomicron remnant particles (Redgrave, 1970) 
where it undergoes various metabolic processes associated 
with the lipoproteins. 
(b) Transport: 
All the major lipids in blood are transported 
predominantly as lipoproteins. Reviews on the apoprotein 
and lipid moieties of the lipoproteins (Peeters, 1970), on 
plasma lipid transport systems (Lopez-s, 1971) and on the 
metabolism of the plasma lipoproteins (Lewis, 1972) have 
appeared recently. In this section I shall only discuss 
the lipoproteins with reference to cholesterol metabolism. 
Since preparative ultracentrifugation was established as a 
method for separating plasma lipoproteins into chylomicrons, 
very low density - (VLDL), low density - (LDL) and high 
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density-lipoproteins (HDL) (Lindgren, Elliot and Gofman, 
1951; Havel, Eder and Bragdon, 1955), increasing sophisti-
cation of techniques has pr~duced an ever increasing number 
of sub-classes of these major density classes. Cholesterol 
is a component of all lipoproteins with the major 
proportion being present as cholesterol ester (Peeters, 
1970). There are considerable species differences in the 
density class which carries the majority of the cholesterol 
(Mills and Taylaur, 1971). As mentioned above, cholesterol 
contained:in chylomicrons,mainly as the ester, is rapidly 
transported to the liver as remnant particles (Redgrave, 
1970) after triglyceride has been removed at tissue sites. 
There is a delay of some hours before this cholesterol 
re-emerges from the liver in the circulating lipoproteins 
(Goodman, 1965). This would support the hypothesis of 
Sodhi and Kudchodkar (1973) which suggests that there are 
two pools of cholesterol within the liver; an anabolic pool 
to which exogenous and newly synthesised cholesterol 
contribute and from which the lipoprotein cholesterol is 
derived: a catabolic pool to which lipoprotein and 
mobilised tissue cholesterol contribute and from which 
bile acids and cholesterol are excreted. 
LDL and HDL are produced in the liver and perhaps 
in the small intestine (Lewis, 1972) and may also be 
. generated as the end products of chylomicron and VLDL 
metabolism (Lopez-s, 1971). Fidge and Foxman (1971) have 
shown , in the rat, that LDL is formed from delipidated 
VLDL. Endogenous triglyceride is transported by VLDL which 
is produced in the liver (Schumaker and Adams, 1969). The 
J 
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regulation of lipoprotein structure during the removal and 
addition of components to circulating lipoprotein is 
thought to involve the maintenance of the cholesterol: 
cholesterol ester ratio within the lipoproteins. The 
enzyme, lecithin-cholesterol acyltransferase (LCAT) catalyses 
the esterification of plasma cholesterol with the concomitant 
conversion of lecithin to lysolecithin (Glomset, 1968). 
This enzyme is closely associated with HDL and preferentially 
esterifies HDL cholesterol (Lossow, Shah and Chaikoff, 
1966). Glomset (1968) has proposed that LCAT is important 
in the transport of free cholesterol from tissues to the 
liver for catabolism. He suggests that free cholesterol 
enters the plasma, is incorporated into HDL, esterified by 
LCAT and may then exchange with the other lipoproteins 
before reaching the liver. Schumaker and Adams (1969) 
have suggested a further role for LCAT and have presented 
the following overall scheme for lipoprotein metabolism. 
Chylomicrons and VLDL, on enteri~g the circulation, acquire 
apoprotein A from HDL or VLDL which facilitates the action 
of LCAT and lipoprotein lipase. Triglyceride is removed 
from VLDL and chylomicrons and at the same time LCAT removes 
cholesterol and lecithin, maintaining the integrity of the 
particles. The lysolecithin produced enters HDL and the 
cholesterol ester may enter LDL or HDL for subsequent 
transport to the liver. The more recent work of Redgrave 
(1970) has shown that the cholesteryl ester-rich chylomicron 
remnant particle is rapidly transported to the liver where 
the cholesterol is removed. 
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(c) . Synthesis: 
Cholesterol synthesis takes place in most tissues 
of the body but the only quantitatively important sites 
are the liver and intestine (Dietschy and Wilson, 1970a). 
The rate limiting enzyme of cholesterol synthesis has been 
shown to be B-hydroxy-8-methylglutaryl coenzyme A reductase 
(HMG-CoA reductase) which catalyses the conversion of 
8-hydroxy-B-methylglutaryl CoA to mevalonic acid (S.lakey, 
Craig, Beytia, Briedis, Feldbrugge, Dugan, Qureshi, 
Subbarayan and Porter, 1972). The same authors suggest 
that under conditions of cholesterol feeding, the enzyme 
squalene synthetase may become rate limiting. The 
entero-hepatic circulation of bile acids is responsible for 
the regulation of liver cholesterol synthesis. Bile acids 
act indirectly, as the absorption of cholesterol is 
dependent on the quantity of bile acids in the intestinal 
tract. It is this exogenous cholesterol which inhibits 
hepatic cholesterol synthesis at the HMG-CoA reductase step 
(Ho and Taylor, 1970). The bile acids have also been shown 
to act directly on HMG-CoA reductase (Hamprecht, Nussler, 
Waltinger and Lynen, 1971; Hamprecht, Roscher, Waltinger 
and Nussler, 1971). Starvation inhibits hepatic cholesterol 
synthesis by a mechanism as yet unclear (Ho and Taylor, 
1970; Dietschy and Wilson, 1970a). Intestinal cholesterol 
synthesis is directly inhibited by bile salts at the HMG-CoA 
reductase step, but not by exogenous cholesterol. Thus 
intestinal synthesis becomes an important component when 
dietary cholesterol consumption is high. 
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Diurnal variations in hepatic cholesterol 
synthesis have been demonstrated in the rat and mouse (Back, 
Hamprecht and Lynen, 1969; Horton, Hickman and Sabine, 
1970; Kandutsch and Saucier, 1969). The control of this 
diurnal fluctuation in the rat is due to the synthesis of 
new HMG-CoA reductase enzyme which only occurs for six hours 
per day (Higgins, Kawachi and Rudney, 1971). 
(d) Catabolism: 
The catabolism of cholesterol to the primary bile 
acids, 3a,7a-dihydroxy- and 3a,7a,12a-trihydroxycholanic 
acids takes place in the liver and the regulatory step is 
the initial ?a-hydroxylation of cholesterol (Daniellson, 
Einarrson and Johansson, 1967). This enzyme, cholesterol 
7a-hydroxylase is microsomal and cytochrome P-450 dependent 
(Wada, Hirata, Nakao and Sakamoto, 1968; Trillzsch, Greim, 
Czygan, Hutterer, Schaffner, Popper, Cooper and Rosenthal, 
1973). Side chain cleavage of the hydroxylated cholesterol 
takes place in the mitochondria (Van Belle, 1965). Before 
excretion into bile, the bile acids are conjugated mainly 
with taurine and/or glycine. There are considerable species 
variations in the ratio of taurine to glycine conjugates 
found in bile and this has been linked to the susceptibility 
of the species to develop atheroma (Van Belle, 1965; 
Kritchevsky, 1969). 
Cholesterol is excreted directly into the bile, 
and together with the conjugated bile acids, enters the 
intestinal tract. An appreciable quantity of the faecal 
neutral steroid output is derived from the cholesterol 
of the desquamated mucosal cells (Dietschy and Wilson, 
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1970c; Lewis, 1972). The bile acids and cholesterol 
undergo further biotransformations in the intestinal tract. 
Bacterial action releases the bile acids from their 
conjugates and also produces the secondary bile acids, 
3a-hydroxycholanic acid and 3a,12a-dihydroxycholanic acid. 
These may be reabsorbed and recycled through the entero-
hepatic circulation and thus bile acid output in the bile 
consists of a mixture of primary and secondary conjugated 
bile acids. Cholesterol is principally transformed to 
SS-cholestan-38-ol and SS-cholestan-3-one by the intestinal 
flora (Dietschy and Wilson, 1970c). Cholesterol is also 
catabolised to hormonal products but this is not a major 
contributor to cholesterol turnover. 
(e) Other factors in the control of cholesterol 
metabolism: 
Other factors involved in the control of 
cholesterol metabolism are cytochrome P-450, ascorbic acid 
and hormones all of which have been reviewed recently 
(Gibbons and Mitropoulos, 1973; Ginter, 1972; Myant, 1968). 
Cytochrome P-450 is the enzyme complex involved in 
hydroxylation reactions requiring molecular oxygen and is 
responsible for drug detoxication in the liver. The same 
enzyme complex is reported to be associated with the 
biosynthesis of cholesterol from lanosterol (Hirata, Wada and 
Sakamoto, 1967; Wada, Hirata and Sakamoto, 1969; Gibbons 
and Mitropoulos, 1973} and the catabolism of cholesterol to 
7a-hydroxycholesterol (Wada et al., 1968; Trulzsch et al., 
1973; Atkin, Palmer, English, Morgan, Cawthorne and Green, 
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1972). The role of ascorbic acid in cholesterol metabolism 
is confusing. It appears to increase the oxidation of 
cholesterol especially in the hypercholesterolaemic state 
(Ginter, 1972) and may mobilise cholesterol from the 
tissues (Spittle, 1971). Hormones are involved in the 
control of both the anabolism and catabolism of cholesterol. 
Synthesis is increased by thyroid hormones and oestrogens 
and inhibited by androgens (Myant, 1968). Thyroid hormone 
also stimulates the removal of cholesterol as neutral sterol 
and stimulates the conversion to bile acids (Myant, 1968). 
Corticosterone affects the diurnal variation in synthesis 
(Hickman, Horton and Sabine, 1972). Noradrenalin increases 
synthesis (Bortz, 1968) and insulin and gluc~gon increase 
the activity of HMG-CoA reductase (Huber, Guder, Latzin 
and Hamprecht, 1973). The conversion of cholesterol to 
steroid hormones is also under hormonal control (Myant, 
196 8) . 
7. Summary ·of· cholester·o1· metabo·1i·sm. 
Thus, dietary cholesterol is mixed with 
cholesterol from bile and the intestinal mucosa and absorbed 
into the intestinal wall as free cholesterol in the form of 
mixed micelles. Here, t~gether with some locally synthesised 
cholesterol, it is esterified and incorporated into chylo-
micron particles, enters the lymph, is discharged into the 
bloodstream via the thoracic duct and after loss of 
triglyceride in the tissues reaches the liver contained in 
chylomicron remnant particles. In the liver, together with 
the endogenously synthesised cholesterol it can be 
(a) catabolised to bile acids, (b) excreted in the bile, 
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(c) incorporated into the lipoproteins. However, Sodhi and 
Kudchodkar (1973) would suggest that only (c) would occur 
and that only returning lipoproteins and mobilised tissue 
cholesterol would undergo (a) and (b). The excreted bile 
acids enter the enterohepatic circulation and (a) act in the 
formation of micelles for the absorption of cholesterol, 
(b) regulate intestinal cholesterol synthesis, (c) affect 
liver cholesterol synthesis. Figure 1 illustrates 
schematically the current concepts of the regulation of 
cholesterol metabolism as described above. 
In this section I have attempted to define the 
areas to be studied in cases of disturbed or altered 
cholesterol metabolism. In summary, production or reduction 
of hypercholesterolaemia whether by drugs, diet or familial 
means can be produced by: 
1. Altered absorption of exogenous cholesterol. 
2. Altered synthesis of cholesterol. 
3. Altered transport of cholesterol in the 
lipoproteins. 
4. Re-distribution of cholesterol among the 
tissue, liver and plasma pools. 
5. Altered catabolism of cholesterol to bile 
acids. 
6. Altered excretion of cholesterol as faecal 
neutral steroids. 
7. Altered enterohepatic circulation of bile 
acids (affects 1, 2 and 4). 
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Figure 1. Sahematia representation of mammalian 
aholesterol metabolism. 
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It is with reference to these items that the study of the 
variation in plasma cholesterol concentration in the 
rabbit both before and after cholesterol feeding has been 
reported in this thesis. 
I 
I 
MATERIALS AND METHODS 
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1. Animals. 
All animals used were from colonies maintained in 
the Animal Breeding Establishment of the Australian National 
University. The rabbits were a semi-lop strain which had 
been developed by random outbreeding from a nucleus of New 
Zealand white rabbits with introductions of full-lop, wild 
and Californian strains. Animals for the breeding program 
were selected from this colony as described below. The 
guinea pigs were from an albino outbred stock. 
2. Diets. 
Full details of diets used in the experiments 
described in this thesis are given because inadequate 
provision of data has often made it difficult to interpret 
or reproduce other workers' findings (Pollak, 1965}. The 
source of the basic feed has varied throughout the experi-
mental series. The rabbit feed for the piperazine experiments 
was supplied in pellet form by Allied Feeds, Rhodes, N.S.W., 
2138, and had the followi~g proximate composition: crude 
protein 20%, crude fat .4 to 5% and crude fibre maximum 
7.5%. The Allied feed was ground before adding cholesterol 
or piperazine. For the rabbit breeding and subsequent 
experiments with rabbits and guinea pigs, the feed was 
formulated by Mecon Agricultural Products, Eastwood, 
N.S.W., 2122, and had the followi~g proximate composition: 
crude protein 18.0%, crude fat 3 to 3.5% and crude fibre 
maximum 10.0%. The feed was compounded and supplied in 
mash form, initially by Wm. Connelly and Son, Goulburn, 
N.S.W., 2580, and later by Bunge Australia Pty Ltd, 
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Murrumburrah, N.S.W., 2595. For the breeding experiment, 
the diet with added cholesterol was initially supplied as 
pellets by Wm. Connelly and Son but later, cholesterol was 
incorporated in the diet in this laboratory. Cholesterol 
and other additives were uniformly mixed with the diets 
using a cement mixer, and pellets {~" long) were prepared 
with a Provender Templewood Jr. pelletting machine fitted 
with a 5/32" die {Lister Blackstone Pty Ltd, Revesby, 
N.S.W., 2212). Commercial _ grade cholesterol supplied by 
Townson and Mercer Pty Ltd, Lane Cove, N.S.W., 2066, was 
used in the diets at a concentration of 0.28% {w/w) 
corrected for impurities. Piperazine citrate {B.P.C., 
VS Supplies Ltd, Camperdown, N.S.W., 2050) was added to the 
diet at a concentration of 0.56% {w/w calculated as 
anhydrous piperazine). For the sterol balance experiment, 
chromic oxide was added to the diet at a concentration of 
0.12% {w/w). Cholestyramine {4% w/w, Cuemid:Merck, Sharp 
and Dahme, West Point, Pa., 19486, U.S.A.) was added to the 
cholesterol-containing diet for some of the experiments in 
which 7a-hydroxylase was measured. 
3. Housing of animals and . dietary consumption. 
Rabbits maintained in the breeding colony and used 
in the breeding program were housed up to 4 in a cage and 
allowed free access to the basic diet. The rabbits used 
in all experiments were housed individually and received 
70 g of feed per day. 
Guinea pigs were housed six to a cage and allowed 
free access to all diets. The guinea pigs' water was 
supplemented daily with 0.010% {w/v) L-ascorbic acid 
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(analytical grade) providing approximately 20 mg per guinea 
pig per day. 
All animals were fed daily at 9 a.m. or after 
sampling of blood and allowed access to water at all times. 
4. Bleeding of animals. 
Rabbits were bled from the marginal ear vein, 
before feeding, into tubes containing EDTA (final 
concentration 4 mM, pH 7.4) as anti-coagulant. Plasma was 
separated from the chilled blood by centrifugation. Guinea 
pigs were bled by heart puncture and the blood was 
collected and separated as described above. At the termin-
ation of experiments not involving enzyme assays rabbits 
were anaesthetized i.v. and guinea pigs i.p. with Nembutal 
(pentobarbitone sodium 60 mg/ml Abbott Laboratories Pty 
Ltd, Kurnell, N.S.W., 2230, 0.5 ml/kg) and blood collected 
from the inferior vena cava. In enzyme assay experiments 
the animals were killed either by a blow to the head or by 
an i.v. injection of air. 
5. Chemicals. 
3 (1,2- H), hexadecane 14 -14 (1- C), acetate (1 C), Hexadecane 
cholesterol (7a- 3H), cholesterol (1,2-
3H) and cholesterol 
©-14c) were obtained from The Radiochemical Centre, Amersham, 
Bucks, U.K. Cholic acid ( 3H-G) and cholesterol (4-
14
c) 
oleate were obtained from New England Nuclear Corp., Boston, 
Mass., 02118, U.S.A. Chromic oxide was supplied by 
E. Merck, 61 Darmstadt, Germany. 3a-hydroxy-, 3a,12a-
dihydroxy- and 3a,7a,12a-trihydroxy-cholanic acids and their 
methyl esters were obtained from Steraloids Inc., Pawling, 
N.Y., 12564, U.S.A. 3a,6a-dihydroxy cholanic acid was 
obtained from Fluka A.G. Buchs S.G., Switzerland. 
Cholest-5-ene-3-one was obtained from BDH Ltd, Poole, 
England, and 5a-cholestane from Sigma Chemical Co., St 
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Louis, Miss., 63118, U.S.A. From the cholest-5-ene-3-one 
two reference substances were prepared by Dr C. E. West. 
5S-cholestan-3-one was prepared by reduction with palladium 
catalyst in ether (Grasshof, 1934a) and from this material, 
58-cholestan-3S-ol was obtained by reduction with platinum 
black in acetic acid (Grasshof, 1934b). Cholesterol used 
as standard in the cholesterol assay was purified via the 
dibromide (Fieser, 1953) from laboratory reagent grade 
supplied by BDH. The o-phthaldialdehyde reagent was 
puriss grade and supplied by Fluka. Trimethylchlorosilane 
was supplied by Hopkin and Williams Ltd, Chadwell Heath, 
England, and hexamethyldisilazane was obtained from Pierce 
Chemical Co., Rockford, Illinois, 61105, U.S.A. All 
radiochemicals except hexadecane were purified by preparative 
TLC prior to use. 
6. Chemical methods. 
(a) Cholesterol in plasma: 
The method of Mann (1969) was used for the 
hydrolysis and extraction of cholesterol. Cholesterol in 
the petroleum ether extract was measured using the 
o-phthaldialdehyde colour reagent described by Zlatkis 
and Zak ( 1969) . 
(b) Cholesterol in feed: 
5 g of feed was heated under reflux with 130 ml 
of 0.77 N KOH in 77% (v/v) aqueous ethanol for 2 hours. 
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After cooling, the mixture was shaken with exactly 50.0 ml 
of petroleum ether (b.p. 60-80°C) and then with 40 ml of 
water. Then after suitable dilution the cholesterol 
concentration of the petroleum ether phase was measured 
as described below. 
(c) Cholesterol and cholesteryl ester in liver, 
milk and plasma: 
The tissue was extracted and non-lipid contaminants 
removed by the method of Folch, Lees and Sloane Stanley 
{1957). An aliquot was taken and chromatographed on thin 
layers (0.5 mm) of Silica gel G on glass plates (20 x 20 cm) 
to separate cholesterol and cholesteryl ester, with 
petroleum ether (b.p. 60-80°C) :diethyl ether:glacial acetic 
acid (70:30:2 by volume) as eluting solvent. The lipid 
bands were visualised under u.v. light using Ultraphor 
(BASF Australia Ltd, Sydney, N.S.W., 2017, 0.01% w/v in 
water). The cholesterol and cholesteryl ester bands were 
each scraped into sintered_ glass funnels (porosity 3) and 
eluted with 30 ml of petroleum ether (b.p. 60-80°C) :diethyl 
ether (1:1 v/v). The cholesteryl ester was hydrolysed and 
extracted as described above. The unesterified cholesterol 
and the cholesterol from the cholesteryl ester were assayed 
as described above. 
(d) Phospholipid in plasma and milk: 
Folch-washed lipid extracts were separated into 
neutral lipid and phospholipid fractions by the method of 
Zilversmit (1965) on columns of silicic acid-kieselguhr. 
Silicic acid was supplied by Bio-Rad Laboratories, Richmond, 
Calif., U.S.A. and kieselguhr (Hyflo-Supercel) by Townson 
and Mercer Pty Ltd, Lane Cove, N .s. W., 2066. In sone 
experiments the kieselguhr was omitted as adequate flow 
rates could be achieved with the silicic acid (SilicAR 
CC-7) supplied by Mallinckrodt Chemical Works, St Louis, 
Miss, U.S.A. The separation of neutral lipids and 
phospholipids was checked by TLC. Lipid phosphorous was 
measured by the turbidimetric method of Eibl and Lands 
(1969). 
{e) Triglyceride in plasma and milk: 
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Glyceride glycerol of the neutral lipid fraction 
was estimated by the spectrophotometric method of 
Zilversmit (1965). 
(f) Protein in plasma, mill\ and hepatic 
'( 
microsomes: 
The protein precipitate from the Folch extract 
of milk or from the lipoproteins {described below) was 
dissolved in sodium hydroxide (lN). Aliquots from these 
protein solutions and from hepatic microsomal .suspensions 
were taken for estimation of protein nitr~gen by direct 
nesslerization of Kjeldahl digests (Minari and Zilversmit, 
196 3) . 
_(g) Pipera2ine in feed: 
A sample of feed {1 _ g) was shaken for two hours 
on a mechanical shaker with exactly 100 ml of water. After 
centrifugation at 400g for 10 minutes an aliquot was 
removed for colorimetric estimation using Folin's amino 
acid reagent based on the method described by Rogers 
(1958). 
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(h) Chromic oxide in feed and faeces: 
Known weights of feed (approx. 5 g) or 
homogenised faeces and urine (25-30 g) were evaporated to 
dryness at 110°C in porcelain evaporating basins. The 
samples were then transferred to a muffle furnace and 
ashed at 600°C for one hour. In order to prevent loss of 
sample material when the basins were placed in the muffle 
furnace, the initial temperature was not greater than 
100°C. The chromic oxide content of the samples was then 
determined as Cr+++ essentially as described by Williams, 
David and Iismaa (1962) using an atomic absorption 
spectrophotometer (Model AA-4, Varian-Techtron Pty Ltd, 
North Springvale, Victoria, 3170). 
(i) Ascorbic acid in· plasma, · liver· and· ·adrenals: 
Ascorbic acid was assayed as dehydroascorbic acid 
coupled to 2,4-dinitrophenylhydrazine by the method of 
Schaffert and Kingsley (1955). Whole blood was extracted 
with TCA and tissues were homogenised in TCA (final 
concentration 4% v/v TCA). Ascorbic acid in the supernatant 
was oxidised with activated charcoal (BDH) and assayed as 
described by Schaffert and Kingsley (1955). 
(j) Microsomal difference· spectra: 
The content of cytochrome P-450 was determined 
spectrophotometrically as described by Omura and Sato 
(1964). An aliquot of the microsomal suspension was 
diluted 1 in 10 with O.lM phosphate buffer (pH 7.0). Solid 
sodium dithionite (1-2 mg) was added and the suspension was 
then divided and placed in two cuvettes of 1 cm light path. 
Carbon monoxide was bubbled through the sample cuvette for 
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twenty seconds. The difference spectrum between the sample 
and reference cells was recorded from 600 nm to 400 nm 
using a recording spectrophotometer (Unicam model SP 8000, 
Pye Unicam Ltd, Cambridge, England). The molar extinction 
coefficient for cytochrome P-450 was taken as 91 mM- 1 cm-l 
and the results expressed as µmoles per g microsomal 
protein as described by Omura and Sato (1964). 
Substrate-induced difference spectra were 
determined as described by Mitani and Rorie (1969). Equal 
aliquots (3.0 ml) of the diluted microsomal suspension were 
placed in two cuvettes. Aliquots of lmM steroid dissolved 
in 1,2-propanediol were added to the sample cuvette and a 
similar amount of 1,2-propanediol were added to the 
reference cuvette. Water soluble compounds were added in 
O.lM phosphate buffer, pH 7.0 or water. The difference 
spectra were recorded as described above. 
(k) Assay of radioactivity: 
A liquid scintillation counter was used (model 
LS100 Beckman Instruments Inc., Fullerton, Calif., 92634, 
U.S.A.). Solvent was evaporated under nitrogen from the 
samples contained in counting vials. Coloured samples 
were decolourised by the addition of a methanolic solution 
of hydrogen peroxide. Once decolourised, the solvent was 
evaporated and scintillator (10.0 ml) consisting of 
diphenyloxazole (PPO) in toluene (0.5% w/v) was added. 
Digitonide precipitates were dissolved in methanol 
(1.0 ml) and added to the above scintillator (10.0 ml). 
3 Quench correction curves were constructed using H- and 
14 C-hexadecane. A computer program was written using these 
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quench correction curves to calculate the spillover of 
14c counts into the 3H channel and to correct for variable 
quenching (see Appendix 1). The program was written in 
Focal programming language for use with a PDP8/i computer 
(Digital equipment Co., Maynard, Mass., 01754, U.S.A.). 
7. Piperazine experiments in rabbits and guinea pigs. 
(a) Experimental design: 
For each experiment, rabbits from the general 
colony were paired on the basis of their initial plasma 
cholesterol concentrations and body weight, and allocated 
one to each group in order to minimise inter-group 
variations. 
Rabbits were castrated at 8-12 weeks of age. 
Anaesthesia was induced using sodium thiopentone (Intraval 
Sodium, May and Baker Ltd, Footscray West, Victoria, 
3012, 0.25%, 1 ml/kg body weight) and maintained on either 
methoxyflurane (Penthrane Abbott Laboratories) or anaes-
thetic ether. After orchidectomy or ovariectomy the rabbits 
were kept for 8 weeks before the commencement of the 
experiment. 
The animals were fed 70 g per day. The daily 
ration contained 200 mg cholesterol and one group also 
received 400 mg piperazine (expressed as the anhydrous 
base). In some experiments only piperazine (400 mg) was 
fed in the daily ration. 
The plasma cholesterol concentration was measured 
at weekly intervals. On the last day of the experiment 
the rabbits were anaesthetised with pentobarbitone sodium 
(Nembutal 60 mg/ml, Abbot Laboratories, 0.5 ml/kg) and 
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the liver was perfused in situ via the portal vein with 
saline (0.9% w/v, 200 ml) at room temperature after 
cutting the supradiaphragmatic inferior vena cava. The 
liver was removed, blotted dry, weighed and samples were 
taken for the analysis of cholesterol and the preparation 
of microsomes. 
(b) Preparation of microsomes: 
A representative sample (10 g) of liver was 
homogenized in 4 volumes of ice cold KCl (1.15% w/v) by 
four strokes of a Potter-Elvehjem teflon-glass homogeniser. 
The homogenate was centrifuged in a 50 ml swinging bucket 
rotor (model HB4) in a centrifuge (model RC2, Ivan Sorvall 
Inc., Norwalk, Conn, U.S.A.) at 8,700 rev/min (12,000g) for 
20 minutes at 0°C to remove cell debris and mitochondria. 
The supernatant was centrifuged at 27,000 rev/min (105,000g) 
for 75 minutes in an ultracentrifuge (Model L3-50, Beckman 
Instruments Inc. Spinco Division, Palo Alto, Calif, U.S.A.) 
using a SW 27 rotor with 6x40 ml buckets. The microsomal 
pellet was resuspended in 1.15% KCl with a Dounce homo-
geniser and recentrifuged at 105,000g for 75 minutes. The 
washed microsomal pellet was then suspended in O.lM 
phosphate buffer (pH 7.0, 10.0 ml), to give a concentration 
of about 15 mg protein per ml. 
In the experiments by Mr S. D. Turley on the 
effect of piperazine in guinea pigs, liver was removed and 
microsomes prepared for the determination of cytochrome 
P-450 as described for rabbits. 
8. Rabbit breeding program. 
(a) Selection of breeding stock: 
The plasma cholesterol concentration was 
measured in all animals between 8 and 20 weeks of age 
the breeding colony. The rabbits were then ranked 
according to these concentrations. Rabbits from the 
highest and lowest ten percentiles of cholesterol 
concentrations were selected for further study since a 
. in 
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correlation between the plasma cholesterol concentration 
and the degree of cholesterolaemia produced by cholesterol 
feeding has been established (see below). The selected 
rabbits were then fed 70 g per day of the cholesterol 
containing diet (200 mg cholesterol per day) for a period 
of three weeks, at which time their plasma cholesterol 
concentration was again determined. On the basis of these 
results, hypo-responding (HO) and hyper-responding (HR) 
rabbits were chosen for use in the subsequent breeding 
program. 
(b) Experimehtal design: 
The dams were not used for mating until at 
least six weeks had elapsed from the end of cholesterol 
feeding. At this time the plasma cholesterol concentration 
had returned to the pre-cholesterol feeding concentration. 
The progeny were removed from the dams six weeks after 
birth, the males separated from the females, caged and 
then fed the basic diet (without added cholesterol). 
(c) Phenotyping of progeny: 
At ten weeks of age, the plasma cholesterol 
concentrations of the progeny were determined. They were 
then caged individually and fed the cholesterol diet for 
three weeks after which the plasma cholesterol concen-
tration was again determined. The progeny were phenotyped 
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acc ording to their cholesterolaemic resp onse. Wherever 
p ossible subsequent breeding pai r s were selected from among 
the progeny of the experimental matings. 
(d) Cross-fostering of progeny: 
With in two days of birth, young from matings of 
HR males and females were cross-fostered with those from 
matings of HO males and females. The young were 
phenotype d as described above. 
(e) Sampling and analysis of rabbit milk: 
Ten days postpartum the dams were milked 
manual l y. Oxytocin (Pitocin, Parke Davis Co., Sydney, 
N.S.W., 1 Unit/kg) was given intravenously via the marginal 
ear ve i n p rior to milking. An aliquot of the milk was 
analyse d for the concentration of protein, triglyceride, 
cholesterol and phospholipid as described in the chemical 
methods section. 
(f) Statistical ·analyses and estimation of 
heritabi lity: 
He ritability (h2 ) is the ratio of the genetic 
variance to the total (genetic plus phenotypic) variance 
and may be es t imated in a number of ways. Where both the 
parenta l and p rogeny values were known, more than one 
method of e stimating the heritability was used. This was 
so fo r t he estimation of the heritability of the 
choleste rol aemic response. Regression of progeny response 
on parental response, as described by Falconer (1963), 
provided on e estimate of heritability. Correction for 
unequal l i t ter sizes was made by using a weighting factor 
(w ) calculated from the phenotypic correlation of siblings 
n 
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within families (Falconer, 1963). The r e gression coefficient 
so obtained, when multiplied by two, provided an estimate 
of the heritability. Analysis of var iance for the effect of 
litter size, sex and parents on the cholesterolaemic response 
of the progeny was also determined and the various components 
tested for significance. 
Heritability was also estimated by the paternal 
half-sibling method described by Falconer (1963). This was 
the only method used for estimating the heritability of the 
plasma cholesterol concentration in non cholesterol-fed 
rabbits as the parental values were not known. Briefly, 
this involves an analysis of variance leading to the 
estimation of three components of variance, attributable to 
sires (between half-sib families) to dams (between dams 
within sires) and to individuals (within dams). These 
values are equated with the expected composition of the 
variances which are dependent on the number of offspring 
per litter and per half-sib family. From these equations 
the correlation between half-sib families can be obtained 
and this, multiplied by four, provides an estimate of the 
heritability. 
9. Stero1· hal·ance· expe·riment. 
(a) Animals and diets: 
HR and HO rabbits aged between 20 and 30 weeks 
were used. These animals were the progeny from the breeding 
program and had been phenotyped as HR or HO by feeding the 
cholesterol diet as described in Section 8(c). They were 
not used for at least six weeks after cholesterol feeding 
at which time their plasma cholesterol concentration had 
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returned to their pre-cholesterol feeding concentration. 
All diets contained chromic oxide (0.14% w/w) as an inert 
marker to correct for faecal losses. One diet also 
contained cholesterol (0.28% w/w). Each animal received 
70 g of diet per day containing a known amount (about 
100 mµC) of 4-14c-cholesterol (S.R.A. 80.54 mCi/rnM). The 
isotope, dissolved in ethanol, was added to the daily ration 
the evening before it was to be given to the animal to 
allow the ethanol to evaporate before feeding. 
(b) Experimental design: 
The animals received the cholesterol-free diet 
for eight weeks. Plasma cholesterol concentration was 
measured weekly. An aliquot of the petroleum ether phase 
containing cholesterol was transferred to a counting vial, 
the solvent removed by evaporation under nitrogen and the 
sample assayed for radioactivity. From five weeks onwards, 
weekly faecal collections were made for analysis of neutral 
and acidic steroids. Faeces and urine were collected 
together on plastic covered trays beneath the wire base of 
the individual rabbit cages. Whilst most of the faeces 
dropped thro~gh the wire, sufficient remained for the 
normal practice of coprophagy to take place. Dietary 
material was carefully excluded from the faecal samples. 
At eight weeks the animals received the cholesterol-
containing diet for a further five weeks. Weekly plasma 
cholesterol measurements and faecal collections were 
continued for this period. 
( c) Homogenisation and an·a1ysis · of faec·a1 
materials: 
The combined faeces and urine were homogenised, 
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with the addition of water, to a smooth consistency in a 
Waring blender (Waring Products Co., Winsted, Conn, U.S.A.). 
Aliquots were taken for the determination of chromium 
(Section 6(h)) and for the extraction of neutral steroids 
(Miettinen, Ahrens and Grundy, 1965) and acidic steroids 
(Grundy, Ahrens and Miettinen, 1965). A known amount 
(25-30 g) of the homogenate was placed in a centrifuge 
bottle with a ground glass neck (250 ml) to which was added 
absolute ethanol (100 ml), lON KOH (10 ml) and three glass 
beads. Tritiated cholic acid ( 3H-G) and cholesterol 
(7a- 3H) were added for calculation of recoveries of acidic 
and neutral steroids. The mixture was then heated under 
reflux for two hours on a boiling water bath. After 
cooling, distilled water (40 ml) was added and the neutral 
steroids extracted with 3 x 50 ml of petroleum ether 
(b.p. 60°-80°C). The petroleum ether of the pooled extract 
was evaporated under reduced pressure on a rotary evaporator 
at 37°C. The residue containing the neutral steroids was 
dissolved and made up to 50.0 ml in petroleum ether (b.p. 
60°-80°C). To the aqueous phase containi~g the acidic 
steroids was added lON KOH (10 ml) and the contents heated 
under pressure at 15 psi in a pressure cooker for three 
hours to hydrolyse the bile acid conjugates. After cooling, 
the mixture was acidified to pH 2 by the careful addition 
of concentrated HCl. Filter aid (Hyflo-Supercel, Townson 
and Mercer Pty Ltd, 10 _ g) was added and the mixture 
filtered through filter paper (Whatman No. 541) under 
reduced pressure into a centrifuge bottle with a ground 
neck (500 ml). The original centrifuge bottle was 
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rinsed with chloroform:methanol (2:1 v/v, 50 ml) and this 
was poured through the filter paper to extract any steroids 
in the precipitate. The bottle containing the filtrate 
was shaken and then centrifuged at 1000g for five minutes. 
A tapered glass tube (O.D. 8-10 mm) filled with chloroform 
was carefully lowered through the upper aqueous phase and 
the lower phase was quantitatively aspirated into a round 
bottom flask (250 ml). The aqueous phase was extracted 
twice more with chloroform (50 ml). The solvent of the 
pooled lower phase was evaporated under vacuum on a 
rotary evaporator and the residue containing the bile acids 
was dissolved and made up to 50.0 ml with chloroform: 
methanol (2:1 v/v). 
To determine the recovery of neutral and acidic 
steroids, aliquots were taken from both extracts for assay 
of radioactivity. 
(d) TLC of neutral steroids: 
An aliquot of the neutral steroid extract was 
separated by preparative TLC on florisil (Floridin Co., 
Hancock, W.Va., U.S.A.O as described by Miettinen et al. 
(1965) into three fractions in descending order: 
I SS-cholestan-3-one and 3-keto derivatives 
of plant sterols 
II 5$-cholestan-38-ol and ring saturated 
SS derivatives of plant sterols 
III Cholesterol, campesterol, stigmasterol, 
8-sitosterol and corresponding ring 
saturated Sa sterols 
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The fractions were eluted with diethyl ether, the solvent 
evaporated under nitrogen and a known amount of 5a-cholestane 
added as an internal standard prior to GLC. 
(e) Methylation and TLC of bile ·acids: 
An aliquot of the bile acid extract was evaporated 
under nitrogen, the residue dissolved in dry methanol 
(0.5 ml) and methylated by the addition of an ethereal 
solution of diazomethane prepared by the method of Werner 
(1919). The methylated bile acids were separated from 
fatty acid methyl esters and other contaminants by chromat-
ography on thin layers (0.5 mm) of alumina (E. Merck) on 
glass plates (20x20 cm). The solvent systems used were 
those described by Grundy et al. (1965) except that toluene 
was substituted for benzene. The methyl esters of the 
fatty acids and bile acids were visualised under u.v. light 
using Ultraphor (0.01% w/v in water). Alumina provided a 
similar separation to that obtained with silica gel H by 
Grundy et al. (1965) without the need for a preliminary 
development of plates to remove contaminants contained in 
the gel. The _ gel containi~g the bile acid methyl esters 
was scraped into sintered_ glass funnels (porosity 3) and 
the solutes eluted under reduced pressure with methanol 
(25 ml). Alumina has the further advantage that unlike 
silica gel, it is not soluble in methanol and thus does 
not block the sinter. The solvent of the bile acid methyl 
ester sample was evaporated under nitrogen and the residue 
dissolved and made to 10.0 ml with methanol. An aliquot 
was taken for gas-liquid chromatography and a known amount 
of 5S-cholestan-3S-ol added as internal standard. 
(f} G.L.C. of neutral steroidp and bile acid 
me thy 1 esters : 
Samples were analysed on a gas chromatograph 
(Series 1800, Varian Aerograph, Walnut Creek, Calif., 
94598, U.S.A.} equipped with a variable temperature 
programmer module and with du.al hydrogen flame 
ionization detectors. Two stainless steel columns 
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length 3 metres, O.D. 1/8 inch} were packed with Gas Chrom 
Q (100-120 mesh, Applied Science Laboratories Inc., 
State College, Penn., U.S.A.} coated with 3% methyl 
silicone (JXR, Applied Science Laboratories} installed 
and conditioned as described by Vandenheuval and Court 
(1968}. Nitrogen was used as carrier gas at a flow rate 
of 60 ml/min. The air flow rate was 300 ml/min and the 
hydrogen flow rate 60 ml/min. The injector temperature 
was 270°C and the detector temperature 290°C. Samples 
for injection onto the columns were dissolved in carbon 
disulphide (neutral steroids} or carbon disulphide: 
acetone (1:1 v/v, bile acids} and aliquots (1-3 µl) 
placed on a solid injector (Model Sl-1, Scientific Glass 
Engineering Pty Ltd, North Melbourne, Victoria, 3051} using 
a micro-syringe (Model 5-A-R N-G-P., Scientific Glass 
Engineering Pty Ltd}. After the solvent had evaporated 
the samples were injected onto the column. 
The free hydroxyl groups of the neutral steroids 
were trimethylsilylated by the. method of Miettinen ·et al. 
(1965}. An aliquot of the neutral steroid extract was 
taken and after evaporation of solvent the residue was 
dissolved in dry chloroform:hexamethyldisilazane (9:1 v/v, 
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100 µ1) and trimethylchlorosilane (100 µ1) was 
subsequently added. The reaction mixture was left at room 
temperature for one hour after which time the solvents were 
evaporated under nitrogen and the residue dissolved in 
carbon disulphide for GLC. The column oven temperature 
was maintained at 240°C throughout the elution. The peak 
height and the retention time relative to the internal 
standard Sa-cholestane were measured to determine the 
quantity of the individual neutral steroids. Quantitation 
by this technique has been shown to be reproducible 
(C. E. West, personal conununication). 
The free hydroxyl groups of the bile acid methyl 
esters were trimethylsilylated by the method of Grundy 
et al. (1965) using dry pyridine:hexamethyldisilazane: 
trimethylchloros ilane (9:3:1 by volume) and the reaction 
mixture left at room temperature for a minimum of two 
hours. The solvent was then evaporated under nitrogen 
and the residue dissolved in carbon disulphide:acetone 
(1:1 v/v) for GLC. The column oven temperature was 
programmed as follows: 
1. Injection at 180°C increasing at 15°/ 
min for four minutes. 
2. Isothermal at 240°C for four minutes 
and then increasing at 6°/min for four 
minutes. 
3. Isothermal at 264°C for 36 minutes and 
then increasing at 4°/min for four 
minutes. 
4. Isothermal at 280°C. 
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The internal standard and the bile acid derivatives 
were eluted during the 264°C isothermal period. The areas 
under the peaks were measured by planimetry. Quan ti tation 
by this method has been found to be reproducible. 
10. Analysis of plasma lipoproteins. 
(a) Experimental design: 
Rabbit progeny from HO and HR parents were 
caged individually, bled at age ten weeks, fed the 
cholesterol diet (70 g feed per day containing 200 mg 
cholesterol) for three weeks and ~gain bled as described 
above. The plasma lipoproteins from these samples were 
analysed by preparative ultracentrifugation. Samples of 
human plasma were obtained by Dr T. G. Redgrave for 
chemical analysis and by me for immunoelectrophoretic 
analysis. Two methods of ultracentrifugal preparation of 
the lipoprotein fractions were used. 
(b) Discontinuous density gr·adient ultra-
centrifugaT method: 
A discontinuous density gradient procedure usi~g 
a high-speed swinging-bucket rotor to separate the plasma 
lipoproteins into VLDL, LDL and HDL in a single ultra-
centrifugation was developed in collaboration with 
Dr T. G. Redgrave who obtained the data on human samples. 
Samples of plasma were adjusted to d = 1.21 with 
solid potassium bromide (0.325 g/ml plasma) and 4.0 ml 
aliquots were pipetted into 13.5 ml cellulose nitrate 
centrifuge tubes (9/16 inch diameter x 3~ inch length). 
Samples of less than 4.0 ml were first adjusted with 
salt solution d = 1.019 to a volume of 4.0 ml. A 
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discontinuous gradient was formed by carefully layering 
3.0 ml of salt solution d = 1.063 above the plasma, 
followed by 3.0 ml of salt solution d = 1.019. Finally the 
tube was filled with 2.5-3.0 ml of d = 1.006 salt solution. 
To minimise mixing at the density junctions, the salt 
solutions were allowed to gravity feed down the side of the 
centrifuge tube through a hypodermic needle (22 gauge) 
attached to a glass syringe with the barrel removed. 
All salt solutions contained EDTA (0.1 µg/ml) and were 
prepared from potassium bromide and sodium chloride 
(Havel, Eder and Bragdon, 1955). 
The samples were centrifuged for 24 hours at 
20°C in a rotor (model SW41) in an ultracentrifuge (model 
L3-50, Beckman Inc., Palo Alto, Calif, 94034, U.S.A.) at 
41,000 rev/min (286,009g, R = 15.23 cm). After 
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centrifugation chylomicrons and VLDL were present at the 
top of the tube; LDL at the junctions of the next two 
steps of the density gradient and HDL at the d = 1.21 and 
d = 1.063 junction. In human samples LDL was clearly 
visible as an orange-yellow band. The bands, t~gether 
with part of the salt solutions above and below each band 
were carefully siphoned into tubes containing ethanol: 
diethyl ether (3:1 v/v, 40 ml). The tubes were stoppered 
and warmed in a boiling water bath for approximately 
ten seconds to denature the protein. After cooling and 
maintaining at 4°C for two hours the protein was 
precipitated by centrifugation at 3000g for 20 minutes and 
the lipid containing supernatant aspirated into flasks. 
The protein precipitate was washed twice with 20 ml of 
diethyl ether and the solvent evaporated from the pooled 
extract under vacuum on a rotary evaporator. Non-lipid 
contaminants were removed and neutral lipids separated 
from phospholipids as described in Section 6 (c,d). The 
fractions were assayed for the concentration of protein, 
triglyceride, cholesterol and phospholipid. 
( c) Classic·a1 ul tracentrifuga·1 method: 
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The method of Havel et al. (1955) was used to 
separate rabbit plasma lipoproteins into the four density 
classes obtained by the above method. The same rotor, 
ultracentrifuge and speed (41,000 rev/min) were used. 
The plasma was adjusted to d = 1.006 and centrifuged for 
10 hours. The top fraction was removed using a tube 
slicer and the infranate was adjusted to d = 1.019. This 
was centrifuged for 14 hours, the top fraction removed as 
before and the infranate adjusted to d = 1.063. This was 
then centrifuged for 14 hours, the top fraction removed and 
the infranate adjusted to d = 1.21 and centrifuged for 22 
hours after which the top fraction was ~gain removed. All 
fractions were extracted and assayed as described above. 
(d) Immunoelectrophoresis: 
An aliquot was removed before extraction and 
dialysed overnight at 4°C against salt solution d = 1.019 
prior to immunoelectrophoresis (Uriel and Grabar, 1956). 
Electrophoresis in agar using LKB equipment (LKB 
Produktor A.B . . , Stockholm . 12, Sweden) separated the proteins 
of the dialysed bands. The purity of the bands was checked 
with anti-sera to human a 1 -lipoprotein, human S-lipoprotein, 
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whole human serum and to whole rabbit serum purchased from 
Behringwerke A. G. , Ma rburg-Lahn, Germany. The precipitin 
lines were stai ne d sequentially for lipid using Oil red O 
(G. T. Gurr Ltd, London, England, 0.5% w/v) in ethanol 
(50% v/v) and f or protein using light green SF (Allied 
Chemical and Dye Co, New York, U.S.A., 0.5% w/v) 
. 1.n 
trichloroacetic acid (5% w/v). With this system protein 
stains green and l ipoprotein brown. 
11. Enzyme ·assay e xperiments. 
(a) Animals : 
HO or HR rabbits were killed either before or 
after three we eks on the cholesterol diet (70 g feed 
per day containing 200 mg cholesterol). The liver was 
immediately remove d and placed in 0.9% saline at 0-4°C 
for use in t h e various enzyme assays. 
(b) Hepati·c cholesterol synthe·sis: 
A portion of the left lobe of the liver was 
removed and s liced freehand using a one edged blade. 
Sodium a cetate-1-14c (S.R.A. 0.1 mCi/mM) was added to 
freshly p r epare d Krebs-Ringer bicarbonate buffer (0.2 
µCi/ml). Liver slices (200 mg) were added to a 
pre-cooled flask (25 ml) containing buffer (2.0 ml). The 
flask was gasse d with 95% 0 2/5% co2 for about 10 second
s, 
firmly stoppered and incubated for 2 hours at 37°C in a 
reciprocating shaking water bath (Model RW 1812, Paton 
Industries Pty Ltd, Stepney, S.A., 5069, 200 cycles/min, 
65 nun stroke) . The reaction was stopped by the addition 
of 0.2N sulphuric acid (1.0 ml). The contents of the 
flasks were t ransferred to saponification tubes with 
42 
2x5 ml o f wa ter. The samples were then centrifuged at 
1000g for ten minutes and the supernatant discarded. 
Ethanol (2 ml) and lON KOH (0.5 ml) was added to the 
precipitate an d the mixture heated for 8 hours at 70°C in 
a water bath . Aft e r cooling 1 ml of water was added and 
the non-sap oni f i able lipid extracted from the mixture with 
2x6 ml petro l e um e the r (b.p. 60°-80°C). The solvent of 
the pooled e x t r acts was evaporated under nitrogen and the 
digitonin-precipitable sterols prepared and washed as 
described by Sperry and Webb (1950). The sterol digiton-
ides were dissolve d in methanol (1.0 ml), transferred to a 
counting vial wi t h 2x5.0 ml of tolue ne scintillator and 
assayed for radioactivity. Cali bration curves were used 
to correct for variable quenchi~g (Appendix 1). 
(c) Hepatic cholesterol ester hydrblase: 
For use i n the first experiment, l,2- 3H cholesteryl 
oleate was prepared f rom oleic acid and cholesterol 
(1,2- 3H) by Dr T . G. Re~grave using the method of Swell 
and Treadwell ( 1 962 ). Subs equent experiments used 
(4-14c) cholesteryl ole ate (S.R.A. 0.052 mCi/lµM). The 
assay system was essentially that described by Goodman 
(1969). A represe nta t ive sample of liver (10 g) was 
homogenised with 40 ml of O.lM potassium phosphate buffer 
(pH 7.4) using a te flon-glass Potter-Elvehjem homogeniser. 
The homogenate was cen trifuge d at 12,000g for 20 minutes 
to remove cell debris an d mitochondria and the supernatant 
centrifuged for 75 minutes at 105,000g. The centrifuges 
and rotors used are described in Section 7 (b). The 
supernatant, excluding fat at the top of the tube (s 105 ), 
was used as the source of the enzyme. The labelled 
cholesteryl oleate was dissolved in acetone and 50 µl 
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(0.01 µCi 14c or 0.03 µCi 3H) added to 2.0 ml of the s 105 
contained in a flask (50 ml). The inhibitor, N-ethylmaleimide 
(10 µmoles) was added to the control flasks to determine 
the rate of non-enzymic ester hydrolysis. The mixtures were 
incubated for 30 minutes at 37°C in a reciprocating shaking 
water bath (150 cycles/min). The reaction was stopped by 
the addition of chloroform:methanol (2:1 v/v, 40 ml). The 
protein precipitate was removed by filtration and the lipid 
containing filtrate was dried under nitrogen, carrier 
cholesterol and cholesteryl oleate added and the cholesterol 
separated from its ester by TLC as described in Section 6(c). 
The bands of gel containing the cholesterol and cholesteryl 
ester were scraped into counting vials, toluene scintillator 
(10.0 ml) added and the contents assayed for radioactivity. 
Calibration curves were used to correct for variable 
quenching (Appendix 1). 
(d) Hepatic 7a-hydroxylase: 
Various methods . were used for assaying this 
enzyme, all with an equal lack of success in the rabbit. 
There are many reports of the assay of 7a-hydroxylase in 
rat liver with each group of workers using their own 
methodology. The various published methods used in the rat 
are summarised in Table 1. As can be seen the only things 
common to all rrethods are the pH and temperature of 
incubation. One - of the problems of the assay is the 
formation of non-enzymic autoxidation derivatives of 
cholesterol during the incubation. These include 
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Table 1. Published methods for the assay of 7a-Hydroxylase. 
HOMOGENISING FRACTION ASSAYEDa 
MEDIUM 
Hod1fied Bucherb s 20 
pH 7.4 
0.2"iH sucros e 
0.25M sucrose 
Nicoti.narnide 
EDTA 
o:2sM sucrose 
0.25M sucrose 
O. l~ phosphate 
buffer pH 7.4 
nicotina1111.de 
EDT.A 
0.25H sucrose 
e-mercapto-
ethylamine 
WHOLE CELLS 
INCUBATION MEDIUM CHOLESTEROL 
MF.DIUM 
Modified Bucherb acetone 
pH 7.4 
O.lM phosphate 
buffer pH7.4 
tlicotinami~e 
Mgcl 2 , mercapto-
ethanol, NJ'DPH 
generatorc 
0. l~ phosphate 
buffer pH7.4 
MgCl2 NADPH 
generatorc 
O. l~ phosphate 
buffer, NADPH 
generatorc 
s-rnercapto-
ethylamine 
0. l~ phosphate 
buffer pH7 . 4 
NADPH 8-mercapto-
ethylal'line 
T-,,een 80 
,utscumrl 
acetone 
acetone 
Sucrose phosphate 1',,een 20 
buffer pH7. 4 
NADPH generatorc 
Nicotinarnide EDTA 
0.1~ phosphate 
buffer pH7.4 
nicotinAr1ide MgC1 2 
as for s 15 + 
NADPH generatorc 
O.l~ phosphate 
buffer pH7. 4 
8-mercapto-
eth)' lamine 
acetone 
or 
T-,,een AO 
acetone 
INCUBJ'TION 
CONDITIONS 
37°, 60 l"in 
37°, 60 min 
37°, 30 min 
37°, 60 min 
37°, 60 l"in 
37°, ~o ,..in 
37°, 60 min 
37°, 30 l'lin 
AUTHORS 
Daniellson et al (1967) 
Gielen et al ( 19f8 ) 
Shefer et al (1968) 
Scholan et al 11968) 
Mitton et al (1971) 
,.aver et al ( l Q 72) 
Mitropoulos et al 
( 1972) 
Arinaer et al (1973) 
a. S refers to supernatant and M to microsomal fractions. 
The number x10 3 refers to centrifugal force (g) i.e. 
s 20 is the 20,000g supernatant. 
b. Bergstrom and Gloor (1955). 
c. The generating system was NADP, Glucose-6-phosphate and 
Glucose-6-phosphate dehydrogenase. 
d. Isooctyl, phenoxypolyoxethylene ethanol. 
?a-hydroxy-, 76-hydroxy-, 7-ke~o and the dihydroxy 
derivatives of cholesterol. Various autoxidation 
"inhibitors" have been used, both at the stage of 
homogenising the liver and during incubation. These are 
nicotinamide, EDTA and B-rnercaptoethylamine (Table 1). 
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In all cases the assumption is made that the radioactive 
cholesterol is completely miscible with the endogenous 
cholesterol. However, Mitropoulos and Balasubramaniam 
(1972) suggest that this may not be correct and that the 
assay may be influenced by the size of the metabolically 
active cholesterol pool in the microsomal fraction. The 
conversion of radioactive cholesterol to 7a-hydroxy-
cholesterol is usually 1-5% with the exception of a report 
by Scholan and Boyd (1968) in which they obtained an 11% 
. 
conversion. 
In the experiments reported here the methods of 
Mitton, Scholan and Boyd (1971) and Mitropoulos and 
Balasubramaniam (1972) were used to assay liver microsomal 
7a-hydroxylase. Cholesterol 4-14c (S.R.A. 80.54 mCi/mM) 
and cholesterol l,2- 3H (S.R.A. 31 Ci/mM) were used in the 
experiments. The reference standards ?a-hydroxy-cholesterol 
and 7S-hydroxy-cholesterol were prepared by Mr S. D. Turley 
from cholesterol benzoate via 7-bromo-cholesterol benzoate 
and 7-formoxy-cholesterol benzoate (Keverling Buisman, 
Stevens and Vliet, 1947; Henbest and Jones, 1948). 
Representative samples of liver (10 g) were homogenised in 
40 ml of either 0.25M sucrose or O.lM phosphate buffer 
(pH 7.4) containing nicotinamide (30 mM) and EDTA (1 rnM) 
with 4 strokes of a Potter-Elvehjem teflon pestle. The 
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homogenate was centrifuged at 800g for ten minutes to 
remove cell debris and the resulting supernatant was 
centrifuged either at 15,000g or 18,000g for 15 minutes to 
remove mitochondria. The resulting 15,000g (s 15 ) or 
18,000g (s 18) supernatant was used as the source of the 
enzyme. The incubation mixture for s18 contained an 
aliquot of s18 , 8-mercaptoethylamine (10 mM), and O.lM 
potassium phosphate buffer (pH 7.4) in a final volume of 
2.0 ml. The incubation mixture for s15 contained an 
aliquot of s15 and O.lM potassium phosphate b
uffer 
(pH 7.4) containing nicotinamide (30 mM) and MgC12 
(5 mM) in a final volume of 2.0 ml. Radioactive cholesterol 
(0.02 µCi 14c or 0.68 µCi 3H) was added in acetone (10 µ1) 
or as a suspension in Tween 80 (1 mg of Tween 80 per 
incubation, 10 µ1). 
The mixtures were incubated at 37°C in a shaking 
water bath (150 cycles/min) for 30 or 60 minutes. The 
reaction was stopped by the addition of chloroform:methanol 
(2:1 v/v, 40 ml) and the precipitated protein removed by 
centrifugation. The lipid-containing supernatant was washed 
by the method of Folch et al. (1957) and the solvent 
evaporated under nitrogen. The cholesterol and 
7a-hydroxycholesterol contained in the residue were 
separated by chromatography on thin layers (0.5 mm) of 
silica gel G on . glass plates (50x20 cm) with ether as 
eluting solvent. The bands and reference standards were 
visualised under u.v. light with Ultraphor (0.01% w/v in 
water). The bands corresponding to ?a-hydroxy-, 78-hydroxy-, 
7-keto-cholesterol and cholesterol were scraped into counting 
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vials. Toluene scintillator (10.0 ml) was added and the 
samples assayed for radioactivity. Correction curves were 
used for variable quenching of the tritiated samples 
(Appendix 1). There was no appreciable quenching for 
14 C samples. 
(e) Plasma lecithin-cholesterol-acyl transferase: 
The method of Glomset (1969) was used for this 
assay. The labelled substrate was prepared as described by 
Glomset (1969) using 4-14c cholesterol (S.R.A. 80.54 mCi/mM) 
and heat inactivated rabbit plasma. The enzyme source was 
fresh plasma obtained from HO and HR rabbits bled either 
before or after 3 weeks on the cholesterol containing diet 
(200 mg cholesterol/day). Substrate (1.8 ml, 0.080 µCi) 
and fresh rabbit plasma (0.2 ml) were mixed and incubated 
for 30 minutes in air at 37°C in a shaking water bath {150 
cycles/min). In some cases 0.2 ml aliquots were removed 
for analysis at 10, 20, 60 and 180 minutes. The reaction 
was stopped by the addition of 2 volumes of chloroform: 
methanol (1:1 v/v) and the protein precipitate removed by 
centrifugation. Cholesterol was separated from its ester 
by TLC on silica gel Gas described in Section 6(c). The 
cholesterol and cholesteryl ester bands were scraped into 
counting vials, toluene scintillator (10.0 ml) added and 
the samples assayed for radioactivity. 
RESULTS AND DISCUSSION 
PART I. VARIATIONS IN CHOLESTEROL METABOLISM 
1. Effect of piperazine on cholesterol metabolism in 
rabbits. 
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Previous experiments, reported by Redgrave and 
West (1972) had shown that piperazine reduced cholesterol-
aemia in male cholesterol-fed rabbits but increased 
cholesterolaemia in female cholesterol-fed rabbits. To 
investigate the mechanism of this differential effect these 
studies were repeated using castrated rabbits. Because it 
has been reported that cytochrome P-450 participates in 
cholesterol biosynthesis and catabolism (Wada et al., 
1968, 1969; Triilzch et al., 1973), the effects of piperazine 
and castration on the cytochrome P-450 content of hepatic 
microsomes were studied. 
(a) Results: 
Throughout the experiments all animals continued 
to gain weight. Figure 2 shows the pattern of response of 
plasma cholesterol concentrations when piperazine is added 
to the diets of male and female castrated rabbits. 
Piperazine feeding lowers the cholesterol-induced 
hypercholesterolaemia of male castrates but augments 
hypercholesterolaemia in females. These results can be 
compared with the previously published observations of 
Redgrave and West (1972) using intact rabbits. It is 
clear that this differential effect of piperazine is 
observed whether or not the animals have been castrated. 
Details of the plasma cholesterol concentrations, 
total liver cholesterol and liver weights at the end of 
these experiments are sununarised in Table 2. The results 
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Figure 2. Effect of piperazine on hypercholesterolaemia 
in castrated male and castrated female rabbits. The 
results of two experiments, (A with castrated male rabbits 
and B with castrated female rabbits) in which piperazine 
was added to the diet of cholesterol-fed rabbits:e e 
represents the treated groups,(>--() control groups not 
given piperazine. The bars represent 1 S.E. above and 
below the mean. There were 10 animals in each group in 
each experiment. In the male rabbits, after a period of 
5 weeks, hypercholesterolaemia was reduced in the animals 
treated with piperazine. On the other hand, in the female 
rabbits, piperazine has an immediate effect of augmenting 
hypercholesterolaemia. 
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TABLE 2. Effects of dietary piperazine on plasma and liver cholesterol concentration in intact 
and castrated male arid female cholesterol-fed rabbits. 
Experiment No. 
Number of rabbits per group 
Duration of experiment, weeks 
Plasma cholesterol 
concentration, mg/dl 
Control 
Treated 
Liver weight, g 
Control 
Treated 
Liver cholesterol, mg 
Control 
Treated 
Results are mean± S.E. 
Males 
Intact Castrated 
1 
10 
10 
320±67.9 
214±52.6* 
86±5. 6 
86±3.3 
741±239.1 
567±80.5 
2 
10 
10 
343±77.4 
184±36.4* 
72±3.2 
61±3.2+ 
515±95. 6 
368±70.1 
* P<0.05, comparison by paired t-test 
+ P<0.05, comparison by Student's t-test 
Females 
Intact Castrated 
3 
11 
7 
112±20.5 
204±38.4* 
72+4. 4 
80 ±5. 4 
269±62.2 
403±108.6 
4 
10 
9 
584±93. 8 
779±130.3* 
96±5.1 
91± 4. 9 
1417±32 8 .1 
1251±252. 2 
ii::. 
I..O 
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from experiments with intact rabbits carried out as controls 
for these studies with castrated animals are also shown. 
In the intact animals the previous findings of Redgrave and 
West (1972) were reproduced, except that the liver weights 
of piperazine-treated male rabbits were not reduced as 
before. In castrated males however, a reduction of liver 
weight was observed. It is also apparent from Table 2 that 
the liver weights of male rabbits were decreased by 
castration (P<0.001 for piperazine-treated groups, 
P<0.05 for control groups) whereas in females an opposite 
effect was observed (P<0.01 for control group only). As 
shown in the table there is an increase in plasma cholesterol 
in female castrates compared with controls. However it 
must be pointed out that pairing of animals was only 
between control and piperazine-treated_ groups and not 
between intact and castrated groups, so whilst a real 
effect of castration on plasma cholesterol concentration 
cannot be discounted the difference is within the range of 
variation which is observed in unpaired groups of animals 
(see below). 
Piperazine, fed without added cholesterol had no 
effect on the plasma cholesterol concentration of female 
rabbits (Table 3). After eight weeks on the piperazine 
diet the mean plasma cholesterol concentration was not 
significantly different from that of the controls fed plain 
food with no added piperazine. Redgrave and West (1972) 
reported that the return of the plasma cholesterol 
concentration to the pre-cholesterol feeding concentration 
was unaffected by piperazine in male rabbits. 
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TABLE 3. Effect of piperazine feeding on plasma cholesterol 
concentration in female rabbits. 
Weeks on diet 
Piperazine-fed 
Controls 
Mean plasma cholesterol concentration, 
mg/dl 
0 
92±3.9 
91±3.6 
2 
51±5.8 
51±6.0 
4 
57±6.0 
57±7.0 
8 
46±2.5 
51±6.0 
Results are mean± S.E., 6 animals per group 
The P-450 concentrations of hepatic microsomes 
of the rabbits used in these studies are shown in Table 4. 
In all groups except the non-piperazine-treated castrates, 
female rabbits have higher P-450 concentrations than males. 
In both intact and castrated males but not females, 
piperazine treatment lowers P-450 concentrations, whereas 
in females but not in males, intact rabbits have higher 
concentrations than castrates for both the control and the 
piperazine-treated groups. However, due to the differences 
in liver weight, the differences in the concentration of 
cytochrome P-450 expressed per weight of microsomal protein 
are not always mirrored by the changes in total hepatic 
cytochrome P-450 content (Table 4). 
A spectral change occurs when cytochrome P-450 
interacts with various substrates (Mitani and Horie, 1969). 
According to the type of substrate, the difference spectrum 
is classified as type I (peak 385 nm, trough 420 nm} or 
type II (peak 420 nm, trough 392 nm}. Type I difference 
I 
TABLE 4. Hepatic microsomal cytochrome P-450 in intact and castrated cholesterol-fed rabbits and 
the effects of piperazine treatment.a 
1. 
Intact Rabbits 
Male Female 
Concentration, µmoles/g microsomal protein 
Control 
Treated 
1.26±.072 
1.01±. 06 3 
1.89±.114 
1.94±.135 
Castrated Rabbits 
.tv1ale 
1.38±.102 
0.94±.096 
~ e:male 
1.44±.074 
1.49±.078 
2. Total, µmoles/liver 
Control 
Treated 
20.7±1.77 
22.5±2.49 
Results are mean± S~E. 
21. 5±2. 71-
21. 8±2 .15 
15.3±2.03 
8.3±1.85 
a See Table 2 for number of rabbits per group and duration of experiment. 
Statistical evaluation, comparisons by Student's t-test: 
1. Concentration 
24.4±2.24 
22.7±1.93 
a. In all groups except control castrates, females are higher than males, P<0.005 
b. In both intact and castrated males but not females treated groups are less than 
controls, P<0.05 
c. In females but not in males, intact groups are higher than castrates for both 
control {P<0.005) and piperazine treated {P<0.05) groups 
2. Total 
a. In all castrated groups, females are higher than males, P<0.01 
b. In castrated males, treated groups are less than controls, P<0.02 
c. In treated males, castrated groups are less than controls, P<0.001 
u, 
N 
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spectra were produced with hexobarbital (1 mM) and carbon 
tetrachloride (1% v/v dispersion). Ethanol (17 mM) 
produced a type II spectrum. Cholesterol (0.1-0.2 mM) did 
not interact with cytochrome P-450. Piperazine (0.5-3.0 mM) 
did not produce a spectral change with cytochrome P-450 nor 
did it alter the hexobarbital difference spectrum when added 
prior to the hexobarbital. 
Piperazine and cholesterol feeding produced a 
similar effect in female guinea pigs to that seen in female 
rabbits, i.e. increased cholesterolaemia. However, male 
cholesterol-fed guinea pigs, unlike male rabbits, do not 
show a reduced cholesterolaemia when fed piperazine 
(S. D. Turley, personal communication). The cytochrome 
P-450 concentrations of hepatic microsomes from such an 
experiment are shown in Table 5. There was no significant 
difference in either the total quantity or the concentration 
of cytochrome P-450 ln the liver for either males or females. 
TABLE 5. Hepatic microsomal cytochrome P-450 in cholesterol-
a 
fed guinea pigs and the effects of piperazine treatment. 
Liver wt, g 
Cytochrome P-450, 
µmoles/g 
microsomal protein 
Cytochrome P-450, 
µmoles/liver 
Male 
Control 
45±1.4 
1.3±0.16 
0.4±0.08 
Results are mean± S.E. 
( 4) 
Treated 
38±1.2** 
1.5±0.14 
0.4±0.06 
ad · f · uration o experiment, 8 weeks 
Female (5) 
Control Treated 
39 ±2. 6 35±1.3 
1.5±0.11 1.4±0.03 
0.4±0.03 0.3±0.01 
**significantly different 
liver weight. P<0.01 
from treated female 
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(b) Discussion: 
To investigate the mechanism of the differential 
effect of treatment with piperazine on dietary-induced 
hypercholesterolaemia the logical next step was to repeat 
the experiments of Redgrave and West (1972) using castrated 
animals. If the differential effect had been expressed 
through an effect on sex-hormone control of cholesterol 
metabolism it would be anticipated that in castrated animals 
the effect would disappear. However the present experiments 
show that the effect of piperazine is qualitatively identical 
in castrated and intact animals. Thus the responses cannot 
be expressed through a gonad-derived hormone-mediated 
effect, but must be a manifestation either of a chromosomal 
sex difference or of a persistent somatic difference 
conditioned by exposure to sex hormones prior to castration. 
The hepatic microsomal cytochrome P-450 system 
has been shown to be involved in various aspects of hepatic 
cholesterol metaboli-sm in the rat, both in cholesterol 
synthesis and in cholesterol catabolism to bile acids 
(Wada et al., 1968, 1969; Trulzsch et al., 1973). In 
these experiments the cytochrome P-450 system of rabbits 
has been examined, to investigate again the possibility 
of correlations with the changes in cholesterol 
metabolism produced by piperazine. However no consistent 
pattern has been found. In piperazine-treated male rabbits 
a reduction of their hypercholesterolaemia is associated 
with reduced cytochrome P-450 but the enhancement of 
cholesterolaemia seen in piperazine-treated female rabbits 
is not accompanied by an increase of cytochrome P-450. 
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Similarly cytochrome P-450 was unaffected by piperazine 
in guinea pigs. These findings support the recent observa-
tions of Salvador, Haber, Atkins, Gommi and Welch (1970), 
who found no clear relationship between changes in serum 
cholesterol concentrations and the enhancement of hepatic 
microsomal P-450 induced in rats by treatment with 
phenobarbital, Clofibrate (ethyl-a .[p-chlorophenoxy] 
isobutyrate) and two other drugs. 
The lack of association between cytochrome P-450 
content and cholesterolaemia is further illustrated by the 
observation that castrated female rabbits had a lower 
cytochrome P-450 concentration but increased cholesterolaemia 
compared with intact females. However, there is no 
difference between the total content of cytochrome P-450 
per liver in intact and castrated female rabbits. Atkin 
et al. (1972) have reported that cholesterol synthesis and 
catabolism in rats is not affected by treatments which 
change P-450 concentrations. The observation, that 
microsomal P-450 from rabbits used in these experiments 
did not produce a spectral change with cholesterol whereas 
difference spectra were produced by drugs, perhaps lends 
support to the contention of these authors that there m~ght 
be different P-450 systems for cholesterol and drugs. 
Alternativel'y it is possible that different classes of 
compound bind at different sites on the one P-450 molecule, 
or that the increased amounts of endogenous cholesterol in 
our rabbits have saturated the binding sites for cholesterol. 
In rats the cytochrome P-450 concentration of 
males is greater than females (Kato and Takahashi, 1968) and 
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castration of males lowers the concentration. The oppos
ite 
sex difference has been observed in rabbits, i.e . females 
have higher P-450 concentrations than males, and the 
difference is removed by castration, which lowers the 
concentration in females. The differences which have been
 
observed in P-450 content do not always correlate with the
 
changes in liver weight previously noted (Table 2). In 
some cases total hepatic P-450 content tends to be compen-
sated by the changes in liver weight, but in other cases 
the difference observed would be exacerbated (Table 4). 
The implications of the finding of higher P-450 
concentrations in female rabbits than in male rabbits and
 
its contradiction of similar findings in rats are obscure
. 
An understandi~g of any regulatory role of sex hormones 
on P-450 activity (or vice versa) is clearly impossible at 
the present time. Piperazine consistently reduced P-450 
content in male rabbits, but the design of the experiment
s 
did not allow any conclusions about possible effects of 
cholesterol feedi~g on P-450 activity. 
2. Variation in plasma cholesterol concentration in 
non cholesterol-fed r ·abbi ts ·from the r ·andomly outbred 
population. 
Variations in plasma cholesterol concentration 
between strains and within strains of rabbits have been 
reported (Laird et al., 1970; Wang et al., 1953). In this 
study the plasma cholesterol concentrations of large numb
ers 
of rabbits in the randomly outbred colony were measured to
 
determine the variation present and to elucidate the cause
s 
of such variation. 
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Figure 3. Frequency distribution of plasma cholesterol 
concentration of male and non-pregnant, non-lactating 
female rabbits. 
57 
( a) Results: 
(i) Variation between sexes: 
Non-pregnant, non-lactating females have a highe r 
mean plasma cholesterol concentration (91±2.6 mg/dl,n=300) 
than males (68±1.8, n=340). Cholesterol concentration in 
females ranged from 30-276 mg/dl, and in males from 
13-287 mg/dl (Figure 3). The frequency distributions of 
plasma cholesterol concentration were found to be signific-
antly (P<0.001) skewed for both males (g1=1.76) and females 
(g1=1.91) when tested for normality (Snedecor and C
ochran, 
1967). A logarithmic transformation of the data for plasma 
cholesterol concentration produ.ced a normal distribution 
for males and reduced the asymmetry (g1=0.41) of the 
female distribution. The data contained in Figure 3 were 
collected at various times throughout the year and, if 
this is examined separately, plasma cholesterol concentration 
in females shows greater variation than in males (Table 6). 
TABLE 6. Mean initial plasma cholesterol concentration for 
male and female rabbitsa 
Year 
1971 
1972 
Mean ± 
Month 
August 
October 
January 
March 
May 
August 
October 
December 
S.E. mg/dl (n) 
Male Female b 
63±5.4 ( 6 4) 98±5.7*** 
64+2.6 ( 66) 91±6.1*** 
64+4.7 (59) 5 8+2. 8 
65±8.9 (26) 74±5.6 
79±4.4 ( 34) 108+8.7** 
83± 4. 9 ( 21) 103±9.2 
79±4.6 (44) 104±6.4** 
56±5.4 ( 26) 106±8.6*** 
a rabbits from randomly outbred population 
b non-pregnant, non-lactating 
( 71) 
(42) 
(42) 
(43) 
(26) 
( 11) 
(35) 
(30) 
Comparisons by Student's t-test with males of same month 
** P<O. 01 · *** P<0.001 
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This observation together with the unequal numbers estimated 
at the various times throughout the year, may explain the 
significant (P<0.01) skewness still present in the female 
distribution after logarithmic transformation of the data. 
Significantly lower (P<0.001) plasma cholesterol 
concentrations were found in pregnant (37±5.2, n=22) and 
lactating (52±3.6, n=34) females which were bled at the 
same time as the non-pregnant, non-lactating females of 
August 1971 (98+5.7, n=71). Similar lowered plasma 
cholesterol concentrations in pregnant and lactating 
females have been reported by Zilversmit, Hughes and 
Remington ( 19 72) • The concentrat.ion for lactating females 
was higher but not significantly different from that for 
pregnant females and probably represents a stage in the 
return to the non-pregnant, non-lactating state. 
(ii) Variation with age: 
Analys·is of the variation of initial plasma 
cholesterol concentration with age did not show a signif-
icant correlation for female rabbits (r=0.046, n=l70). 
However for the male rabbits between eight and nineteen 
weeks of age there is a significant (P<0.001) negative 
correlation with initial plasma cholesterol concentration 
(r=0.733, n=350). A semi-logarithmic plot of the regression 
of mean initial plasma cholesterol on age for male rabbits 
is presented in Figure 4. Analysis of variance of the 
components of the regression indicated that deviations 
from linearity were not significant (F101238=2.85) and so 
the straight line equation is the line of best fit. 
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Figure 4. Regression of the mean plasma aholesterol 
aonaentration of non-aholesterol fed male rabbits on 
age. The regression is weighted according to the number 
of observations at each point. The circles, enclosing 
the number of observations, represent the mean plasma 
cholesterol concentration with the error bars showing 
the standard error of the mean. The equation of the 
line is 
_ 7 _46e-0.0200x y 
where y - log plasma cholesterol concentration 
and x - age in weeks 
A total of 250 observations were made. 
19 
59 
(iii) Heritability: 
Of the 340 males and 300 females referred to in 
Figure 3, the parents of 267 males and 219 females were 
known. Thus it was possible to obtain an estimate of 
heritability of the plasma cholesterol concentration by the 
sire half sibling method. These animals were produced by 
20 sires and 59 dams over a two year period. 
The mean plasma cholesterol concentration of the 
offspring of the various half-sibling families is shown 
in Table 7. Data from males and females were analysed 
separately. Because of the decrease in plasma cholesterol 
concentration with age observed in male rabbits, these 
values were adjusted to those of the mean age of the males 
(see equation in legend to Table 7). As there were so few 
observations for the ages 15-20 weeks the regression was 
calculated on ages 6-14 weeks only (mean age 10.77 weeks) 
and data from those animals older than this were excluded 
from the calculation of male heritability and not reported 
in Table 7. The components of variance of offspring 
plasma cholesterol concentration for males and females are 
shown in Table 8. Variation between litters is significantly 
greater than within litters for both male (F74 , 192=1.60, 
P<0.05) and female (F72 , 146=4.25, P<0.001) offspri~g 
indicating that the dam is contributing to the variation. 
This contribution could be both genetic and environmental. 
Variation between sires is significantly greater than within 
sires for females (F17 , 55=2.40, P<0.01) but not for males 
(F18 , 56=1.74, N.S .• ). Thus, the sire is not h aving a 
significant effect on the male offspring plasma cholesterol 
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Table 7. Mean plasma cholesterol concentration of offspring 
cholesterol concentration 
. Dam Plasma cholesterol concentration 
. 
Darn Plasma cho lesterol conce ntcat 1a,• 
r,c:11m Plasma 
(Sire) Male female (Sire) Male female 
(Sire) Male 
(Br 13) (Re 5) (Bl l) 
94!15. 3 (3) 878 36! 3. 6 ( 2) 
871 83!18.5(3) 
853 42 1 2. 8 ( 2) 
897 70125.9(9) t. 55! 5.0(12) tt (Gr 5) 918 67!15.7(6) 
907 51! 0. 8 ( 3) 834 66±13.6(3) 86!14.l()) 923 62 ( l) 
920 48 ! 1. 2 ( 4 ) 944 651 2 .1 (6) 929 7 3! 4. 9 ( 3) 
(Bl 3) 954 41! 2 .2 (2) 939 
889 4 7! l. 0 (2) 968 217150.9 (4) 965 
897 74 ! 5. l ()) 971 98! l. 5 (2) (Re 6) 
907 63!11.6 ()) 94!13.5 (2) 978 7 01 8. 7 ()) 86!16.3(3) 963 75!10.4 (4) 
916 91 (1) (Gr 6) 970 
925 78! 7. 6 ( )) 90 ~12.0(2) 865 83117 . 6(4) 981 62 ( l) 
931 59! 2. 2 ( 5) 105tl0.0 (2) 882 34! 4. 5 (6) 70!32.0 (2) (Sm 2) 
945 70 (l) 81 (1) 887 75! 3. 9 ( 4 ) 839 88 ( 1) 
(Bl 4 ) (Gr 7) 849 56! 8. l ()) 
877 55 (1) 871 104±16.7(5) 894 
894 48 (1) SH 4. 4 (4) 903 94121.8 (3) 908 63!45.0(2) 
934 68120.5 (2) 923 671 3 .1 (4 l 123!13.8 ( 4 ) 912 58! 3. 9 ( 10) 
(Bl 5) 929 106 (1) 55 ( 1) (Sm 3) 
894 95 U3. 0 (2l 932 88111.5(2 ) 105Ul.l (3) 897 87112 .1( 2) 
912 44! 4. 8 ( 4 ) 937 70!16.5(2) 907 80! 9 . 8 ( 4 ) 
(Br 5) 9 40 641 0. 5 (2) 920 58!12.6(2) 
894 59! 6. 6 (5) (Gr 8) 925 621 2. 3 ( 7) 
912 46! 4. l ( 5) 907 711 1. 0 (2) 441 4 . 9 ( 3) 945 86!13 .0 (2) 
(Br 8) 922 59! 3. 3 ( 4 ) 821 9 .1 (4) 973 
873 50!13.7(3) 925 98tl5 . 4 (3) (Wh 3) 
896 69116 .0(2) 931 831 6 . 0(lO)t t 859 79!37 .0 (2) 
898 50 ! 4. 0 ( 2 ) (Gr 9) 865 32 ( l) 
905 44 (1 ) 859 65±25.0(3) 42 (1) 874 88!13.4 (5) 
924 71 ! 2 . 6 ( 3) 874 71! 4. 3 ( 4) BU 7. 0 (5) 878 54 (I) 
936 34 (1) 878 56! 5. 7 (7) t t 89110.0(4) 886 113!15.l (10) 
938 88114 .7(3) 886 104110. 3 (5) 887 
954 79 ! 7. l ( 5) 127121. l (3) 887 74! 6.9(9)" 91! 6. 5 (3) 913 58! 9. 9 (7) 
968 89! 3. 5 (2) 91!16. a ,21 91 3 61! 8 . 8 (4} 67t 2. 0 ( 2) 928 66!31.0(2) 
( Br 9 ) 919 86! 9. 5 (2) 933 56! 5. 4 ( 5) 
873 50!15.5(2) 928 681 7. 5 (2) (Wh 4 ) 
938 79 ( l) 42 ! 3. 6 (6) (Gr 11) 871 104 (ll 
956 63 ( l) 894 51! 8 . 6 (2) 81! 8. 0 ( 3) 912 
962 70! 9. 8 ( 5 ) 8 1! 3. 0 (2) 963 67! 2.5(2) 918 74113.9 (2) 
967 72! 7. l (7) 68! 7. 9 ( 3 l 965 98! 8. 2 (4) 68113.0(2) 932 101 ( l) 
977 96! 7. 7 ( 3) 1191 7. 5 ( 5 l 969 75 ( l) 937 82120 .6(5) 
939 l24!Jl .2 (6) 
* Plasma cholesterol concentration of offspring 
t 
tt 
mean± S.E. mg/dl ( n) • 
Due to decrease in plasma cholesterol with age the 
male values have been adjusted to their mean age 
(10.77 weeks) using the regression equation 
log Y = 2.0807 0.02445X where: 
Y = plasma cholesterol concentration as rng/dl 
X = age in weeks. 
Data from two litters. 
Female 
146 (ll 
98! 9. 7 ( 9) 't 
86!15.6(2) 
61! 3. 7 ( 2) 
82!22.6()) 
150,37 .4 (4) 
97! 7. 9 ( 3) 
167 ( l) 
93! 8. 5 ( 2) 
81!12.8 (3) 
81111.4 (3) 
96!13.0 (2) 
138!66.0(2) 
70! 4. 0 ( 2) 
111! 5. 0 ( 2) 
88 !13.9(3) 
155121.5(2) 
113!16.1( 4 ) 
107! 9. l I 8 l 
48! 7. 5 ()) 
131 ! 8. 0 (l) 
90!10.1(4) 
l05!ll.6(6) 
183!10.l ()) 
191122.0(3) 
98 ( l) 
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Table 8. of variance of offspring plasma Components 
cholesterol concentration 
Source 
Total 
Between 
litters 
Within 
litters 
Between 
sires 
Within sires 
(between darns) 
Total 
Between 
litters 
Within 
litters 
Between 
sires 
Within sires 
( tetween darns) 
d. f. Variance 
266 236330 
74 91008 
192 147322 
18 32728 
56 58280 
218 392410 
72 265639 
146 126771 
17 112476 
55 153163 
MALES 
Mean Expected F ratio mean square 
squarca 
* 1230 1.60 
767 w 
1818 1.74 w + 4.4880 + 13.822S 
1041 w + 3.2340 
FEMALES 
*** 3689 4.25 
868 w 
** 6616 2.40 W + 3.5050 + ll.9731S 
2785 W + 2.8290 
aExpected mean square required for sib analysis of heritability 
where: 
* 
W - component of variance attributable to individuals within 
full sib families. 
D - component of variance attributable to dams. 
S - component of variance attributable to sires. 
The coefficients of D and Sare calculated by the method of 
Falconer (1963) for unequal family size. 
** *** p < o.os P < 0.01 P < 0.001 
concentration. This is reflected in the estimate of the 
heritability for males and females shown in Table 9. 
The male heritability is low and has a large standard 
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error with respect to the estimate of heritability. In 
females the heritability of plasma cholesterol concentration 
2 is 62+38.8% (h ±S.E.). 
TABLE 9. Heritability of plasma cholesterol concentration 
in non cholesterol-fed rabbits. 
f . 1 Components o variance 
w 
D 
s 
Heritability 
2 h ±S.E. 
Male 
767 
85 
49 
0.22±0.202 
Female 
868 
678 
282 
0.62±0.388 
a See footnote a of Table 8 for explanation of W, D and S 
( b) Discussion: 
The variability in plasma cholesterol concentration 
in the non cholesterol-fed rabbit is affected by the sex of 
the animal and the age in males but not females. The 
variability also has an inherited component. Fillies and 
Mann (1956) and Laird et al. (1970} have shown that males 
have lower plasma cholesterol concentrations than females. 
The decrease with age in male rabbits has also been 
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reported (Shope, 1928; Geisen and Waisman, 1970). However 
Laird and Fox (1970) who also studied female rabbits 
observed a decrease for both sexes. This was not shown 1n 
the results reported here. This may be explained by the 
slight seasonal variation among the female rabbits masking 
any age trend or it may be absent from this strain of 
rabbits. Increasing the day length has been shown to cause 
an incre ase in plasma cholesterol concentration in turkey 
hens {Mukherjee, Friars and Summers, 1969). 
The inheritance of plasma cholesterol concen-
tration has been reported in chickens, mice, beef cattle 
and rats (Estep, Fanguy and Ferguson, 1969; Weibust, 1973; 
Stufflebean and Lasley, 1969; Imai and Matsumura, 1973) 
and the mode of inheritance has been shown to be additive 
in man {Schaeffer , Adlersberg and Steinberg, 1958), rats 
{Imai and Matsumura , 1973), mice {Bruell, 1963; Weibust, 
1973) and beef cattle {Stufflebean and Lasley, 1969). 
Sufficient data is not present in this study to make any 
conclusions concerning the mode of inheritance of plasma 
cho1esterol concentration in the non cholesterol-fed 
rabbit. Heritability estimates of 26% in male chickens 
(Estep et al., 1969), 50% in male and female mice (Weibust, 
1973) and 73% in male mice (Eapen, Goswami and Pillai, 
1971), and 80% in beef cattle (Stufflebean and Lasley, 
1969) have been reported. The heritability in female 
·rabbits is shown to be 62±38.8%. The low value for the 
male heritability (22±20.2%) is difficult to interpret 
because of the large standard error. It is possible that 
this particular trait is not heritable in male rabbits. 
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Certainly , the analysis of variance shows that there is no 
significant sire effect on the male offspring (Table 8). 
However, in view of the large error of estimation, the 
experimental design may not have been appropriate for the 
assessment of heritability in male rabbits. 
3. Variation in plasma cholesterol concentration in the 
cholesterol-fed rabbit. 
Considerable variation in plasma cholesterol 
concentration in the cholesterol-fed rabbit has been 
reported by many authors (Rorschneider, 1925; Tholldte, 
1927; Turner and Bidwell, 1937; Carroll, 1971). In this 
study the cholesterolaemic response of rabbits fed the 
cholesterol diet (200 mg of cholesterol per day) for three 
weeks is reported. 
(a) Results: 
(i) Response to cholesterol feeding: 
Data from 70 male and 44 female rabbits on diets 
containing cholesterol (but no other additives) from the 
piperazine experiments reported here and by Redgrave and 
West (1972) were analysed. A significant correlation 
(P<0.001) between the initial plasma cholesterol concen-
tration and the increase observed after three weeks on the 
cholesterol diet was found for both male (r=0.4553) and 
female (r=0.6912) rabbits. This correlation was used in the 
initial selection of dams and sires for the breeding 
program to select for HO and HR animals as it was possible 
to predict, with reasonable precision, the type of response 
from the initial plasma cholesterol concentration. 
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{ii ) Heritability of cholesterolaemic response: 
Table 10 presents the data for all the selected 
matings in terms of the increase in plasma cholesterol 
concentration of parents and progeny when fed the daily 
amount of cholesterol containing diet (70 g of diet 
containi n g 200 mg cholesterol) for a period of three weeks. 
From 6 si r e s and 23 dams a total of 135 progeny were 
produce d. Analysis of variance for the effect of litter 
size, sex and parents on the cholesterolaemic response of 
the progeny showed that the only significant effect was 
that of the parents {Table 11). To test the reproducibility 
of the cholesterolaemic response, matings of the same 
parents we r e repeated and the offspring tested. The 
variation between litters was very small and not significant 
(Table 12). Continued feeding of the cholesterol diet 
after t h ree weeks maintained the difference between HO and 
HR progeny {Table 13). 
The various estimates of the heritability of the 
choleste rolaemic response are presented in Tables 14 and 
15 . The components of variance for the full-sibling and 
half- sib l ing estimates and their expected mean squares are 
contained i n Table 11. The full-sibling correlation 
estimate is particularly unreliable in view of the high 
phenotypic correlation that there is between members of a 
family (r=0 . 91 ) . There will, therefore, be a large non-
genetic component present in this estimation, which is 
partly expr e ssed in the large error of the estimate. The 
half-sibling estimate also has a large error, probably 
because o f the limited number of sires used in this study, 
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TABLE 10. Mean cholesterolaemic response of parents and 
progeny of experimental matings in rabbits. 
Progeny 
Dama Male Female 
(Sire) 
Increase . plasma cholesterol concentration 
b 
in 
Mean±S .E. mg/dl (n) 
(BS) 45 
946 29 510± 115. 2 ( 4) 528 ( 1) 
9 49 153 419±55.1 (3) 634±33.0 ( 2) 
953 419 148 ( 1) 203 ( 1) 
957 193 347±68.7 ( 5) 224 ( 1) 
(GS) 432 
948 236 (2) 849±48.1 ( 10) 652±9.3 (7) 
950 554 625±63.0 ( 2) 842±129.0 (2) 
952 40 572±91.0 (2) 427±83.4 (3) 
929 957 300±43.0 (5) 323±45.5 (2) 
959 16 (2) 629±191. 8 ( 4) 609±107.2 (9) 
(W6) 955 
951 302 1240±83.8 (5) 1180 ( 1) 
953 253 ( 3) 1053±101.8 ( 11) 806±148.5 ( 7) 
(GlO) 657 
953 419 (2) 9 2 8+9 8 .1 ( 4) 1007±109.1 (8) 
951 302 (2) 1056±27.6 ( 7) 1165±121. 8 ( 4) 
964 1095 1034 ( 1) 820±99.8 (5) 
966 993 1405+57.0 (2) 832±54.5 (2) 
(S3) 67 
9 80 200 1059±55.3 ( 4) 925+226.0 (2) 
(B12) 148 
966 993 1074+48.5 ( 4) 1176±65.1 (5) 
a Numbers in parentheses refer to number of litters when 
greater than 1 
b Increase observed after three weeks on a daily diet of 
feed containing 200mg of cholesterol 
TABLE 11. Components of variance of progeny cholesterolaemic response. 
Source df Variance Mean square F ratio 
Total 134 17,713,378 
Be tween litters 22 11,683,845 531,084 9.87*** 
-
Within litters 112 6,029,533 53,835 
Within sexes 133 17,644,713 132,667 
-
Between sexes 1 68,664 1. 93 
Between litter size 6 5,532,689 922,155 2.40 
-
Within litter size 16 6,151,156 384,447 
Between sires 5 8,590,961 1,718,192 9.44*** 
Within sires 17 3,092,884 181,934 
(between dams) 
a See footnote a of Table 8 for explanation of W, D and S 
*** P<0.001 
Expected mean squarea 
w 
W+6.64D+20 .90S 
W+5.61D 
O"'I 
...J 
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TABLE 12 . Mean cholesterolaemic response of full sibling 
progeny from firs t and second pregnancies. 
a 
b 
Parent s Increase in plasma cholesterol 
concentration of siblings a 
Mean±S .E. mg/dl (n) 
Sire Dam First Pregnancy Second Pregnancy 
GS 94 8 749±114.6 ( 7) 749±69.6 (10) 
W6 9 53 1103±100.3 (6) 977+107.7 (9) 
GlO 951 1153±74.6 (6) 102 8± 39. 4 (5) 
GlO 953 1177±64.2 (6) 1336±67.1 (6) 
See footnote a of Table 10 
Comparisons by Student's t-test between siblings in 
first and second pregnancy are not significant 
b 
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TABLE 13. Effect of continued feeding of cholesterol diet 
on cholesterolaemic response of HO and HR rabbits. 
a 
b 
a Wee ks 
3 
4 
5 
6 
Increase in plasma cholesterol 
concentration from pre-cholesterol 
feeding concentration, 
mean±S.E. mg/dl 
OOb H~ 
534+81.7 991±75.7** 
428+45.0 1251±76.3*** 
528±32.6 1359±79.9*** 
563±69.1 1400±84.0*** 
No of weeks on cholesterol containing diet (200 mg of 
cholesterol per day) from age 10 weeks 
HO and HR r e fer to hypo-responder and hyper-responder 
progeny from breeding program, 5 animals per group 
** P<0.01 *** P<0.001 
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TABLE 14. Heritability of the cholesterolaemic response 
by regression of progeny on parents. 
a 
b 
Equation a Heritability n 
Regression of progeny: 
on sire h 2=2b 0.49±0.076 7.50b 
on dam h 2=2b 0.95±0.081 20.02h 
on mid-parent h 2=b 0.50±0.047 20.66b 
Definition of mathematical symbols 
h 2 = heritability b = regression co-efficient 
n+nT Weighted total according to the formula wn=l+nT 
where w = weight factor 
n 
where 
n = number of offspring and 
2 T - t-S for single parent and 
t -
s -
1-t 
t-~s 
2 for mid- parent 
1-t 
phenotypic correlation between 
members of family and 
. 
co-efficient obtained regression 
by calculating unweighted regression 
of mean progeny response on 
appropriate parental response 
TABLE 15. Heritability of the cholesterolaemic response 
by correlation of progeny. 
f . a Components o variance 
W 53,835 
D 22,829 
S 72,401 
Heritability h 2 ±S.E. 
Full sibling 1.28±0.261 
Sire half-sibling 1. 9 4±0. 7 49 
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a See footnote a of Table 8 for explanation of W, D and S 
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there being only six sire half-sibling families. Similar 
criticisms can also be made of the estimate from the 
regression of progeny response on sire response. Maternal 
effects, such as the suckling of the young (see below), 
contribute to the estimate from the regression on the dam 
response and could account for the high value (h2=0.95). 
However, the regression of progeny response on mid-parent 
response (Figure 5) will reduce this effect and product 
a significant regression (t=2.36, P<0.05) and an estimate 
of the heritability with the lowest error (0.50±0.047). 
(b) Discussion: 
Unlike the non-cholesterol fed rabbit, there is 
no difference between males and females in the magnitude 
of the cholesterolaemia produced by cholesterol feeding. 
However, cholesterolaemia is affected by the genetic 
characteristics of the animal. Adams et al. (1972) have 
reported that the New Zealand White and Dutch strains of 
rabbits differ markedly in their susceptibility to induction 
of hypercholesterolaemia when fed cholesterol. 
Hypo-responder and hyper-responder Sprague-Dawley rats have 
been reported by Saito and Fillies (1964). Hyper-
cholesterolaemia in man, squirrel monkeys and rats has 
been shown to be heritable (Fredrickson and Levy, 1972; 
Clarkson, Lofland, Bullock and Goodman, 1971; Adel, 
Deming and Brun, 1969). It is clear that the control of 
such a complex system as the cholesterolaemic response to 
dietary cholesterol cannot be by the expression of a 
single gene. 
In man, the pathological elevations in cholesterol 
1300 
<P 
" 0 0 
" <p f ~ 1000 -Ill Q) 
0 
..c 
u 
0 
E 
Q) 700 
Ill 
C 
0 
Q. 
Ill 
Q) 
~ 
>-
C 
Q) 400 0 ¢ 0 ~ 0 Q. C 
0 
Q) 
E 
100 
0 300 600 900 
mid-parent response mg cholesterol/ di 
Figure 5. Regression of mean progeny pZasma choZesteroZ-
aemic response on mid-parent response. The cholesterolaemic 
response was obtained from the increase observed in plasma 
cholesterol concentration over a three week period on a 
0.28% cholesterol containing diet (200 mg of cholesterol/day). 
A total of 135 progeny from 17 litters was estimated. The 
circles, enclosing the number of observations, represent 
the mean cholesterolaemic response with the error bars showing 
the standard error of the mean. 
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not only may reflect polygenic factors but also seem to be 
mediated by several different genes, the best understood 
being that which causes the syndrome of familial hyper-
cholesterolaemia with xanthomatosis and premature heart 
disease. Thus hypercholesterolaemia in man can be regarded 
as genetically heterogeneous rather than polygenic. In 
squirrel monkeys, Clarkson et al. (1971) suggest that 
their results are compatible with a single gene mode of 
inheritance. The results in the rabbit suggest a polygenic 
additive mode of inheritance. However, this is what one 
would expect from the breeding design which was intended to 
demonstrate the heritability of hypercholesterolaemia rather 
than its mode of inheritance. Despite this, the variation 
still present in the offspring of parents specifically 
selected for their known cholesterolaemic response and the 
fact that the character has only a 50% heritability 
(50±4.7% calculated from regression of progeny response on 
mid-parent response) would suggest polygenic inheritance. 
It is of interest from a biological viewpoint that 
the hypo-responding dams were not such good mothers, often 
failing to raise their young. It was also more difficult 
to find hypo-responders in the general rabbit colony than 
hyper-responders. This may be caused by a _ gene for reduced 
fertility being associated with one of the genes expressing 
the hypo-responder character. Reduced fertility has 
previously been reported in an AX strain of rabbits, 
autosornal for the gene for buphthalmia, which have a lowered 
plasma cholesterol concentration compared with normal AX 
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rabbits (Laird et al., 1970). It has also been reported 
that hypo-responder rats became infertile after three 
generations of sibling matings (Imai and Matsumura, 1973). 
4. Influence of dam milk on progeny cholesterolaemic 
response. 
With 50% of the cholesterolaemic response being 
determined environmentally it is possible that the pre-
weaning environment determines the response of young 
rabbits to a cholesterol diet. This is suggested by the 
increased estimate of the heritability (h2=0.95) when the 
regression is determined by progeny response on dam response. 
To study this possibility litters from HO parents were 
cross-fostered at birth with litters from HR parents. 
Feigenbaum and Garnan (1967) have reported that milk from 
resistant mothers reduces the incidence of spontaneous 
aortic lesions in non-resistant weanling rabbits. 
The effect of milk lipid constituents on the 
plasma cholesterol concentration of the suckli~g young have 
been reported in many species (Shope, 1928; Carroll, 1964; 
Carroll, Hamilton and Macleod, 1973). The hypercholesterol-
aemia seen in the suckling calf and rat has been attributed 
to the milk triglyceride concentration (Carroll et al., 
1973; Harris, MakNintch and Quackenbush, 1966) and in the 
rabbit to the milk cholesterol (Friedman and Byers, 1961). 
The effect of various cholesterol intakes in early 
development on the subsequent cholesterolaemic response to 
dietary cholesterol has been reported in man, pigs and rats 
(Glueck, Tsand, Balistreri and Fallat, 1972; Reiser, 1971; 
Reiser and Sidelman, 1972). In man the plasma cholesterol 
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concentration at 12 months was uninfluenced by earlier 
low or moderate cholesterol diets (Glueck et al., 1972). 
Reiser and Sidelman (1972) report that in male rats after 
24 weeks on a cholesterol diet there is an inverse 
correlation between the dam milk cholesterol concentration 
and the plasma cholesterol concentration. Reiser (1971) 
also reports a similar situation for male and female pigs. 
Thus, in addition to the cross-fostering 
experiments, the concentrations of triglyceride, 
cholesterol phospholipid and protein in milk from HO and 
HR dams were measured. 
(a) Results: 
The analysis of milk from four hyper- and four 
hypo-responder dams are shown in Table 16. The cholesterol, 
phospholipid, triglyceride and protein concentrations for 
TABLE 16. Analysis of milk from hypo-responder (HO) 
and hyper-responder (HR) rabbit dams. 
Concentration Hypo-responder Hyper-responder 
Total cholesterol, mg/dl 46±5.4 93±11.2** 
Phospholipid, mg/dl 9 7± 8 .1 163±25.3* 
Triglyceride, g/dl 13.9±0.98 15.9±1.30 
Protein, g/dl 9.2±0.53 8.6±1.54 
Res.ults are mean±S .E., four per group 
Comparisons are by Student's t-test between hypo- and 
hyper-responder dams 
* P<0.05 ** P<0.01 
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hyper-responder dams are similar to those reported by other 
workers {Bergman and Turner, 1937; Bragdon, 1952). The 
hypo-responder dams have significantly lower milk total 
cholesterol {P<0.05) but similar protein and triglyceride 
concentration to the hyper-responder dams. The mean plasma 
cholesterolaemic response of litters suckled on foster 
dams together with the response of litters from separate 
matings of the same parents suckled on their natural mothers 
are shown in Table 17. !t can be seen that the cholesterol-
aemic response of hyper-responder {HR) offspring remains 
TABLE 17. Mean plasma cholesterolaemic response of offspring 
suckled on natural and foster rabbit dams. 
a 
b 
Dam 
HOb 
024 
9 80 
994 
HR 
951 
953 
964 
Mean cholesterolaemic responsea, 
mg/dl±S .E. {n) 
of offspring suckled on: 
Natural HO 
505±73.7 (5) 
512+62.2 (7) 
Natural HR 
1153±74.6 (6) . 
1177±64.2 (6) 
856±88.9 (6) 
Foster HR 
983±52.0** (3) 
1036±57.3 (5) 
845±71. O** (5) 
Foster HO 
1072±49.4 (6) 
1096±103.8 (4) 
1043±75.5 (6) 
Increase observed after three weeks on a daily diet of 
70 g of feed containing 200 mg of cholesterol 
HO and HR refer to hypo- and hyper-responder rabbits 
respectively 
Comparisons by Student's t-test of offspring 
cholesterolaemic response between natural and foster 
mother 
** P<0.01 
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the same (HR) whether they are raised on thei r natural or 
hypo-responder (HO) foster dams (Table 17). The trait for 
hyper-response appears to be independent of previous 
exposure to high or low concentrations in milk of cholesterol 
and phospholipid. However, HO offspring fostered on HR 
dams have a significantly higher (P<0.01) cholesterolaemic 
response than HO offspring raised on their natural dams. 
For HO offspring the increased cholesterol and phospholipid 
concentrations in the milk of HR dams appears to influence 
their subsequent cholesterolaemic response so that they 
resemble HR offspring. Thus the trait for hypo-response 
would seem to depend for its expression on the milk 
cholesterol and phospholipid concentrations. 
(b) Discussion: 
These results differ from those reported by 
Reiser and Sidelman (1972) in which an inverse relationship 
between milk cholesterol and the cholesterolaemic response 
in male rats after 24 weeks on a cholesterol diet was 
reported. However, an earlier paper by the same authors 
(Sidelman and Reiser, 1971) reported that female rats 
raised on high cholesterol formula milk, after 9 weeks on 
a cholesterol diet, had higher serum cholesterol concen-
tration than those raised on a low cholesterol formula. 
Rabbit milk cholesterol is derived principally 
from plasma cholesterol (Connor and Lin, 1967) and as 
described above the plasma cholesterol concentration is 
heritable in non cholesterol-fed female rabbits. The 
plasma cholesterol concentration at age ten weeks, of the 
male and female offspring suckled on HO or HR natural or 
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foster dams did not show any significant differences. 
However, it was necessary to analyse the male and female 
data separately because of the sex difference in the plasma 
cholesterol concentration of non cholesterol-fed rabbits. 
This means that there were very few observations per litter 
and consequently the failure to show any significant 
differences between litters suckled on the various dams 
may, in part, be due to this. The plasma cholesterol 
concentration of the four HR dams at ten weeks of age 
(170±18.4 mg/dl, mean±S.E.) was significantly higher 
(P<0.01) than that of the four HO dams (74±5.3). This 
could account for the difference in milk cholesterol 
concentration. The plasma cholesterol concentration of 
the dams, however, was not measured at the time of milk 
collection. The increased phospholipid concentration in 
the milk of HR darns may simply be associated with the 
increased cholesterol concentration in the milk. 
.... 
PART II. STUDIES ON HYPO-RESPONDER AND 
HYPER-RESPONDER RABBITS 
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As shown in Part I, it has been established that 
there are two types of cholesterolaemic response to 
dietary cholesterol and that these traits are heritable. 
This sec t ion describes the investigations undertaken to 
determine the biochemical differences between hypo-responder 
and hyper-responder rabbits. 
1. Transport o·f cholestero·1 in the lipoproteins. 
To study the transport of cholesterol in the 
lipoproteins , plasma was collected from HO and HR rabbits 
before a n d aft er the three week period on the cholesterol 
diet (200 mg cholesterol per day). The plasma was then 
separated in to four lipoprotein classes using a 
discontinuous density gradient ultracentrifugal method. 
(a) Results: 
(i) Validation of ultracentrifugal method: 
A single discontinuous gradient ultracentrifugal 
method was developed, in collaboration with Dr T. G. 
Redgrave, to study the distribution of cholesterol within 
the lipoproteins of HO and HR rabbits. The method 
separ ated the lipoproteins into· VLDL (d<l.006) LDL1 , 
(1.006<d<l . 019 ), LDL2 (1.019<d<l.063) and HDL (l.063<d<l.21). 
In order to validate the method, plasma from a hyper-
cholestero laemic rabbit was separated into the above 
density classes by this method and by the classical method 
o f Havel et al. (1955). The distribution of cholesterol, 
triglyceride, phospholipid and protein within the lipoprotein 
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fractions were then compared. In addition, immuno-
electrophoresis of the fractions separated by this method 
in both humans and rabbits was carried out to determine the 
purity of the fractions when tested against mono-specific 
antisera to a 1-lipoprotein and S-l
ipoprotein. 
Data on the cholesterol, triglyceride, phospholipid 
and protein concentrations of the various lipoprotein 
fractions isolated by the classical method of Havel et al. 
(1955) and by the discontinuous density gradient method 
from a hypercholesterolaemic rabbit are presented in Table 
18. Recovery of loaded material by the classical method 
was 98.1±0.81% and by this method was 92.4±2.27%. Both 
methods produced similar values for the composition of 
fractions I and II (VLDL and LDL1 ). However, fraction III 
(LDL 2 ) prepared by the classical method has 
more lipid and 
protein than fraction III prepared by this method. These 
differences are more marked in fraction IV (HDL). 
Calculations using the relationship described by Dole and 
Hamlin (1962) for flotation of lipoprotein species show 
that centrifugation for 24 hours is sufficient for 
quantitative recovery of all VLDL and LDL1 (1.006<d<l.019) 
in the correct region of the g~adient. However, centrifug-
ation for 41 hours is required for quantitative recovery 
of LDL 2 (1.019<d<l.063). For all of the HDL to 
migrate 
to the top of the d=l.21 band,centrifugation for 55 hours 
is required. As the centrifugation time in the discontinuous 
density gradient method was only 24 hours, less lipid and 
protein were recovered in fractions III and IV by this 
method than by the classical method (Table 18). However, 
TABLE 18. Concentrations of the lipoprotein constituents of plasma from a hypercholesterolaemic rabbit 
II III IV V TOTAL Fraction 
Density 
I 
<1.006 
VLDL and 
chylomicrons 
1.006-1.019 1.019-1.063 1.063-1.21 >1.21 (by addition) (measured) 
Designation 
Triglyceride a 
classicalb 
1 . C spin 
Total cholesterol 
classical 
1 spin 
Phospholipid 
classical 
1 spin 
Protein 
classical 
1 spin 
Total lipoprotein 
classical 
1 spin 
a Results are mg/dl. 
43 
43 
141 
130 
37 
44 
32 
29 
253 
246 
LDLl 
23 
23 
117 
114 
69 
68 
50 
42 
259 
247 
LDL 2 
13 
7 
60 
60 
41 
31 
71 
60 
185 
158 
HDL 
4 
3 
23 
19 
21 
15 
79 
61 
127 
98 
b classical ultracentrifugal method of Havel et al. (1955) 
C discontinuous gradient method developed in this laboratory. 
1 
0.5 
1 
6 
8 
10 
84 
76.5 
342 
329 
176 
16 8 
232 
192 
87 
348 
177 
00 
1--.J 
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the percentage distribution of components within a fraction 
is very similar for both methods (Table 19). The 
distribution of protein, triglyceride, total cholesterol 
and phospholipid within VLDL, total LDL (LDL1 plus LDL 2) 
and HDL is similar to that reported for cholesterol-fed 
rabbits by Garlick and Courtice {1962} and Garlick, 
Courtice and Munoz-Marcus (1965}. 
TABLE 19. Distribution of the lipoprotein constituents 
within the lipoprotein species of plasma from a hyper-
cholesterolaemic rabbit 
Composition% 
Fraction a I II III IV 
Triglyceride 
Classical 17 9 7 3 
1 spin 17 9 4 3 
Total cholesterol 
Classical 55 45 33 18 
1 spin 53 46 38 19 
Phospholipid 
Classical 15 27 22 17 
1 spin 18 28 20 16 
Protein 
Classical 13 19 38 62 
1 spin 12 17 38 62 
Total 
Classical 100 100 100 100 
1 spin 100 100 100 100 
a for designation and density of fraction; see Table 18 
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As separation is dependent on the density of the 
lipoprotein species, separations using the discontinuous 
density gradient method should be quite distinct. 
Immunoelectrophoresis in agar of the fractions isolated by 
the discontinuous gradient method showed that there was no 
cross contamination of LDL and HDL and that each fraction 
was free of other plasma proteins (Table 20). As mono-
specific antisera to rabbit a 1- and B-lipoproteins were 
not available,anti-whole rabbit serum was used. With this 
TABLE 20. Presence of precipitin lines in rabbit lipo-
protein ·fractions after immunoelectrophoresis. 
F . a raction 
I 
II 
III 
IV 
Whole serum 
a See Table 18 for 
No of precipitin lines to 
anti-whole rabbit serum 
1 
1 
1 
1 
many 
densities and designation of fractions 
anti-serum, fractions I-IV showed only single lipid 
staining precipitin lines (Figure 6). However the position 
and shape of the precipitin lines of fractions III and IV 
clearly show that they are different lipoproteins. 
Immunoelectrophoresis of human lipoproteins 
prepared by this method also showed that there was no 
contamination of the LDL fractions with HDL. The HDL 
fraction was also free of LDL and all fractions were free 
of other plasma proteins (Table 21). Fraction IV showed 
Hs 
aH 
I 
Hs 
aH 
I I 
Hs 
aH 
I I I 
IV 
aH 
Hs 
Figure 6. Immunoeleatrophoresis of rab bit lipopr o teins 
isolated by ultracentrifugation. The fractions were 
dialysed at 4°c overnight against saline d = 1.019. 
Electrophoresis was carried out on aliquots of the 
fractions at 250 volts for 1 hour using LKB apparatus. 
Verona! (barbital) buffer pH 8.6, ionic strength 0.1 
was used. 
aH - anti-whole rabbit serum 
Hs 
-
whole rabbit plasma 
I = fraction I from ultracentrifugation 
II fraction II II II -
III fraction III II II 
-
IV fraction IV II II -
See Table 18 for densities and designations of fractions. 
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TABLE 21. Presence of precipitin lines to specific anti-
sera in human lipoprotein fractions after immuno-
electrophoresis. 
Fraction a Number of precipitin lines to 
various . b anti-se'ra 
anti-whole anti-a.1 
C . BC anti-
I (1) 0 (1) 
II (1) 0 (1) 
III 1 0 1 
IV 1 1 0 
V many 1 0 
Whole serum many 1 1 
a See Table 18 for densities and designations of bands 
b ( ) indicate the presence of a weak line 
C Anti-sera to a. - and 8-lipoproteins. 1 
only a single lipid staining precipitin line with 
anti-a.1-lipoprotein ser
um and with anti-human serum. 
Similarly fraction III showed only a single precipitin 
line with anti-8-lipoprotein serum and with anti-human 
serum (Figure 7). Anti-8-lipoprotein serum showed a weak 
precipitin line with fractions I and II but anti-a1-
lipoprotein did not react. Fraction V .(d<l.21) showed a 
single lipid staining precipitin line with anti-a1-
lipoprotein and with anti-human serum (Table 21) indicating 
the presence of some residual HDL in this fraction. It is 
also possible that VHDL might be present or that some 
dissociation of the lipoproteins has occurred during 
Hs 
aH 
IV 
Hs 
aH 
111 
I I I 
aH 
IV 
111 
aB 
IV 
Figure 7. Immunoelectrophoresis of human lipoproteins 
isolated by ultracentrifugation. The fractions were 
dialysed at 4°c overnight ~gainst saline d = 1.019. 
Electrophoresis was carried out on aliquots of the 
fractions at 250 volts for 1 hour using LKB apparatus. 
Verona! (barbital) buff~r pH 8.6, ionic strength 0.1 
was used. 
aH 
aB 
Hs 
III 
IV 
= 
= 
anti-whole human serum 
anti- S-lipoprotein serum 
whole human plasma 
fraction III from ultracentrifugation 
fraction IV " " 
See Table 18 for densities and designations of fractions. 
ultracentrifugation (Levy and Fredrickson, 1965). With 
electrophoresis on cellulose acetate, fractions III and 
IV travel as single bands corresponding to LDL and HDL 
(T. G. Redgrave, personal communication). 
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As demonstrated by imrnunoelectrophoresis and by 
comparison with the classical method, the discontinuous 
density gradient method provides adequate quantitative 
separation of the lipoproteins into VLDL, LDL 1 , LDL 2 and 
HDL. This method does not separate chylomicrons and VLDL 
as both these lipoproteins have d<l.006. As chylomicrons 
circulate for only a brief period after the ingestion of 
fat (Harris and Felts, 1970), they should not be present 
in plasma of rabbits fasted overnight. Thus fraction I 
will consist entirely of VLDL. 
(ii) Analysis of plasma lipoproteins from 
non cholesterol-fed HO and HR rabbits: 
Data on the mean concentration of triglyceride, 
total cholesterol, phospholipid and protein from six non 
cholesterol-fed HO and HR rabbits aged ten weeks are 
shown in Table 22. Recoveries of loaded material were 
similar for triglyceride (93.5±6.38%), phospholipid 
(91.8±1.19%) and total cholesterol (91.3±1.34%). There 
were no differences between non cholesterol-fed HO and 
HR rabbits in the concentrations of triglyceride, 
phospholipid, total cholesterol and protein. Cholesterol 
is carried predominantly in fractions II and III (total 
LDL) and triglyceride in fraction I and II (VLDL and 
LDL1). The percentage composition of the lipoprotein 
classes are shown in Table 23. Both HO and HR rabbits 
86 
TABLE 22. Concentrations of the lipoprotein constituents 
of plasma from non cholesterol-fed HO and HR rabbitsa 
Fraction b I II III IV 
Triglyceride 
HO 18±2.3 18±2.0 10±1.0 6±0.8 
HR 13±1.9 14±2.0 11±1. 4 8±0.9 
Total cholesterol 
HO 7±1.0 35±3.4 25±3.3 14±2.5 
HR 8±0.9 26±3.3 21±1.2 17±1.3 
Phospholipid 
HO 9+1.1 32±1. 7 50±8.6 41± 8. 3 
HR 8±0.8 23±2.8 40±1.9 38±2.4 
Protein 
HO 21±2. 6 33±5.5 52±8.0 82±5.8 
HR 21±3.7 29±3.7 38±2.8 90±5.2 
Results are mean±S.E. mg/dl, 6 animals per group 
a 
b 
HO and HR refers to hypo-responder and hyper-responder 
rabbits respectively 
See Table 18 for designation and density of fractions. 
TABLE 23. Distribution of lipoprotein constituents 
within the lipoprotein species of plasma from non 
cholesterol-fed HO and HR rabbitsa 
Composition, % 
Fraction b I II III IV 
Triglyceride 
HO 32±3.3 15±1.3 8±0.7 4±0.7 
HR 27±3.2 15±0.9 10±1.1 5±0.5 
Total cholesterol 
HO 13± 1. 4 30± 1. 9 19±1.4 10±1.8 
HR 16±0.9 2 8± 0. 7 19±0.9 11±0.7 
Phospholipid 
HO 16± 1. 4 2 8± 1. 8 36±4.4 28±4.4 
HR 15±0.9 25±0.8 36±0.9 25± 1. 6 
Protein 
HO 39±5.5 2 7± 3. 4 37±3.7 58±5.6 
HR 42±3.6 32±0.9 35±1.7 59±2.5 
Total 
HO 100 100 100 100 
HR 100 100 100 100 
Results are mean±S.E., 6 animals per group 
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a HO and HR refers to hypo-responder and hyper-responder 
rabbits respectively 
b See Table 18 for designation and density of fractions. 
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have similar distribution of lipid and protein within the 
lipoprotein classes. These results differ markedly from 
those reported by Mills and Taylaur (1971) for a normal 
rabbit. Although the total lipoprotein concentration for 
HDL and total LDL are simila~ the percentage composition is 
different for all three lipoprotein classes (VLDL, LDL and 
HDL). However, only one domestic rabbit of unspecified 
strain was analysed by Mills and Taylaur (1971) and this 
may account for the discrepancy. 
(iii) Analysis of plasma lipoproteins from 
cholesterol-fed HO and HR rabbits: 
The mean distribution and composition of the 
plasma lipoproteins of non cholesterol-fed and cholesterol-
fed HO and HR rabbits are illustrated in Figures 8 and 9. 
The concentration of protein increases and triglyceride 
decreases with increasing density. Cholesterol feeding 
results in a dramatic increase in cholesterol concentration, 
especially in fraction I (VLDL). Increases in the 
concentrations of phospholipid and protein in VLDL and 
LDL1 (fraction II) are associated with this incre
ase in 
cholesterol concentration. This is in agreement with the 
work of Gofman, Lindgren, Elliot, Mantz, Hewitt, Strisower, 
Herring and Lyon (1950) which showed that after the initial 
increase in the SfS-8 component with a density of 1.03 
there followed the appearance of several components of 
Sfl0-30 and higher. These components would correspond to 
LDL1 and VLDL. Data on the m
ean concentrations of 
triglyceride, total cholesterol, phospholipid and protein 
from the six HO and HR rabbits after three weeks on the 
TCTGPL PR 
400 non cholesterol - fed 
300 
200 
100 
0 0 E 
Cl) 
• 
rm I 
1.019-1.063 < 1.006 1.063-1.210 
0 
-a. 
-
-0 cholesterol - fed 
" ~ 400 
300 
200 :: 
100 :::::::::: 
0 
?:::::. 
< 1.006 1.006-1.019 1.019-1.063 1.063-1.210 
densities 
Figure 8. Concentrations of Zipoprotein constituents 
within density cZasses of pZasma from hypo-responder 
rabbits. Mean of six animals 
TC= Total cholesterol TG = Triglyceride 
PL= Phospholipid PR= Protein 
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cholesterol diet are shown in Table 24. Recovery of loaded 
material was similar for triglyceride, total cholesterol 
and phospholipid (90.7±1.57%). Total cholesterol concen-
tration was .significantly higher (P<O.01) in the VLDL 
(Fraction I) of HR animals but not in the other fractions 
when compared with HO animals. The concentrations of 
phospholipid and protein were also significantly higher 
{P<0.01 and P<0.05 respectively) in the VLDL of HR animals 
when compared with HO animals. Triglyceride concentrations 
were similar for all lipoprotein classes. The concentration 
of protein was also significantly higher in LDL1 and LDL 2 
of HR animals when compared with HO animals. These 
differences are reflected in the distribution of lipid 
and protein within the lipoprotein classes (Table 25). 
There are no differences between HO and HR animals in the 
proportion of cholesterol contained in each lipoprotein 
class. However, there is a significantly greater 
percentage (P<0.05) of triglyceride in the VLDL of HO 
animals when compared with HR animals. This is to be 
expected from the fact that there was no difference in 
triglyceride concentration between HO and HR animals but 
there was decreased concentration of the other three 
constituents of VLDL in HO animals (Table 24). A 
recent report by Shore, Shore and Harb (1974) states 
that the VLDL of cholesterol-fed New Zealand White 
rabbits contains "4% protein, - 13% phospholipid, very 
little glycerides and large amounts of cholesteryl 
esters". Their results differ from those reported here 
in the percentage of phospholipid and protein but agree 
with regard to triglyceride and cholesterol (Table 25). 
0 
300 
200 
100 
E 0 
Cl) 
0 
-a. 
-
-o 600 
'--
C> 500 E 
400 
300 
200 
TCTGPL PR 
non cholesterol-fed 
Cl i I •·········· JJ 
cholesterol - fed 
100 
0 < 1.006 1.006-1.019 1.019-1.063 1.063-1 .210 
densities 
Figure 9. Concentrations of lipoprotein constituents 
within aensity classes of plasma from hyper-responder 
rabbits. Mean of six animals 
TC= Total cholesterol TG - Triglyceride 
PL= Phospholipid PR= Protein 
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TABLE 24. Concentrations of the lipoprotein constituents 
of plasma from cholesterol-fed HO and HR rabbitsa 
. b Fractions I II III IV 
Triglyceride 
HO 25±1.9 12±1.7 4±0.7 3±0.4 
HR 25±3.4 12±1.8 4±0.5 4±0.6 
Total cholesterol 
HO 274±22.2** 315±16.9 60±7.0 20±1.0 
HR 602±79.8 320±32.5 78±14.6 20±2.9 
Phospholipid 
HO 89±11.8** 153±13.8 36±3.7 24±1.6** 
HR 194±24.6 147±10.4 37±1.8 16± 1. 9 
Protein 
HO 53±8.3* 87±7.4** 36±2.7* 80±9.3 
HR 85± 7. 9 126±8.3 46±3.3 86± 5. 2 
Results are mean+S.E. mg/dl, 6 animals per group 
a Rabbits fed the cholesterol containing diet (200 mg 
cholesterol per day) for three weeks 
b See Table 18 for designation and density of fractions. 
Comparisons by Student's t-test between HO and HR of same 
fraction and lipid group. 
* P<0.05 ** P<0.01 
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TABLE 25. Distribution of lipoprotein constituents within 
the lipoprotein species of plasma from cholesterol-fed 
·Ho and HR rabbitsa 
Composition, % 
Fractions b I II III IV 
Triglyceride 
HO 6+0.8* 2+0.3 3±0.4 2±0.3 
HR 3±0.5 2±0.3 2±0.1 3±0.4 
Total cholesterol 
HO 62+1.4 56+0.7 44±1.6 16+0.7 
HR 66±1.2 52±2.1 46±2.9 15±1.2 
Phospholipid 
HO 20±1.1 27±1.2 27+1.5 20+1.4** 
HR 21+0.9 25±0.6 23±1.7 13±1.0 
Protein 
HO 12±1.8 15±1.5* 26+0.8 62+1.9* 
HR 10±0.3 21± 1. 6 29±2.0 69±2.1 
Total 
HO 100 100 100 100 
HR 100 100 100 100 
a HO and HR refer to hypo-responder and hyper-responder 
rabbits respectively 
b See Table 18 for designation and density of fractions. 
Comparisons by Student's t-test between HO and HR of same 
fraction and lipid group. 
** P<0.01 
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The distribution of lipid and protein within HDL are similar 
in HR rabbits to those reported by Garlick and Courtice 
(1962) who studied cholesterol-fed rabbits. However, HO 
rabbits have significantly more phospholipid and 
significantly less protein in HDL than HR rabbits (Table 
25) . 
(b) Discussion: 
Cholesterol is transported in the lipoproteins 
of HO and HR animals in a similar way. The additional 
plasma cholesterol in HR animals is found solely in VLDL 
and this is associated with increased protein and phospho-
lipid concentrations. Rose (1972) reported that 
in rabbits, unlike man, the liver is the major source of 
the cholesteryl esters of VLDL arising from cholesterol 
feeding. This is a significant finding as HR rabbits have 
lower liver cholester yl ester concentration than HO 
rabbits. Thus it is possible that the hyper-responder 
(HR) rabbit is less able to retain cholesterol in the 
liver than the hypo-responder (HO) rabbit. Camejo, Bosch, 
Arreaza and Mendez (1973) report that increased concentra-
tions of intracellular cholesterol leads to increased 
lipoprotein synthesis in the rabbit and this may account 
for the increased plasma cholesterol concentration seen 
in the cholesterol-fed HR rabbit. 
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2. Steroid balance study. 
To determine the absorption and synthesis of 
cholesterol and the excretion of neutral and acidic steroids 
derived from cholesterol, steroid balance studies were 
undertaken during steady state conditions for both HO and 
HR rabbits. The metabolic steady state is assumed to be 
attained when constant values of plasma cholesterol 
concentration, body weight and faecal steroid excretion are 
maintained over a period of a few weeks. Under these 
conditions input, i.e. synthesis plus dietary intake, is 
balanced by outflow, i.e. excretion. Thus synthesis equals 
excretion minus intake. If the daily intake of cholesterol 
is isotopically labelled during this period, the rate of 
excretion of radioactivity will equal the rate of intake 
and the specific radioactivity of the plasma cholesterol 
will become constant, i.e. an isotopic steady state will 
be achieved. The combination of the balances of mass and 
radioactivity provide the information necessary to determine 
cholesterol absorption and hence entry. The equations 
used to determine these parameters and their derivation 
as described by Grundy and Ahrens (1969) are contained in 
Table 26. In this study eleven HO and ten HR animals were 
fed 4-14c cholesterol (100.1 mµCi daily) with the diet. 
For a period of eight weeks the daily intake of cholesterol 
was 16 mg and in the subsequent five weeks was 217 mg. 
Faecal collections were made weekly from weeks four to 
thirteen of the experiment on six HO and six HR rabbits. 
One of the HO rabbits died during week seven of the 
experiment and thus the steroid balance was calculated for 
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TABLE 26. Equations for calculating cholesterol synthesis, 
absorption and entry from data provided by steroid balance 
studya. 
1. Daily cholesterol synthesis (mg/day) = daily total 
faecal steroids [neutral+ acidic] corrected for 
neutral steroid losses and variations in faecal 
flow (mg/day) - daily cholesterol intake (mg/day). 
2. Daily cholesterol absorption - daily intake -
daily unabsorbed cholesterol 
3. 
a 
b 
where: daily unabsorbed cholesterol= total faecal 
neutral steroids [specific radioactivity of neutral 
steroids - specific radioactivity of plasma 
cholesterol] + [specific radioactivity of dietary 
cholesterol - specific radioactivity of plasma 
cholesterol]. 
b Daily cholesterol entry = daily cholesterol 
absorption+ fraction of plasma cholesterol derived 
from absorbed cholesterol. 
From Grundy and Ahrens (1969}. 
The term entry is used in preference to "turnover" used 
by Grundy and Ahrens (1969). It defines the entry of 
new cholesterol into miscible body pools. 
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only five HO animals. The cause of death was unrelated to 
the experimental procedure. 
(a} Results: 
(i) Plasma cholesterol concentration, specific 
activity and body weight throughout the experiment: 
The mean plasma cholesterol concentrations for 
the HO and HR rabbits are shown in Figure 10. It can be 
seen that there are no differences in plasma cholesterol 
concentration between HO and HR animals prior to cholesterol 
feeding. However, after only one week on the cholesterol 
diet the HR animals have a significantly higher (P<0.05} 
plasma cholesterol concentration (207±11.8 mg/dl) than the 
HO animals (143±20.0 mg/dl) and this difference is 
maintained for the five weeks the animals were fed the 
cholesterol diet. It is interesting to note the increase 
in plasma cholesterol concentration is considerably less 
than that observed for animals phenotyped as HO and HR 
during the breeding program. This may be an age effect as 
the animals used in these experiments were between 20 and 
30 weeks of ~ge whereas all animals were 10 weeks of age 
at the ·start of the three week cholesterol feeding period 
used to phenotype the progeny of the breeding program. 
For the first six weeks the mean plasma chol-
esterol specific activity was higher for HR rabbits 
(Figure 11). This difference was not significant. 
However for the last two weeks on the normal diet (16 mg 
cholesterol/day) and for the first two weeks of cholesterol 
feeding (217 mg/day) the difference was significant. 
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Figure 10. Plasma cholesterol concentrations of hypo- and 
hyper-responder rabbits. The points represent the mean 
plasma cholesterol concentration with the bacs representing 
one S.E. above and below the mean. There were 11 animals in 
the hypo-responder group up to week 7 and 10 animals there-
after. There were 10 animals in the hyper-responder group 
throughout the experiment. 
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However after this time there was no significant difference 
in the mean plasma cholesterol specific activity of HO and 
HR rabbits. Body we~ghts remained constant throughout the 
experiment and there were no significant differences 
between HO and HR rabbits (Table 27). 
TABLE 27. Mean body weights of HO and HR rabbits throughout 
the steroid balance study. 
a 
b 
C 
Body weight kg, mean±S.E. 
Weeks HOa HRb 
5 3.04±0.110 3.14±0.174 
6 3.03±0.112 3.14±0.117 
7C 3.05±0.113 3.11±0.113 
8 3.04+0.098 3.11±0.109 
9 3.04±0.089 3.13±0.103 
10 3.04±0.087 3.13±0.081 
11 3.00±0.083 3.09±0.083 
12 3.03+0.084 3.08+0.094 
13 3.01±0.079 3.08±0.104 
Eleven hypo-responder animals measured to week 7 and 
ten animals thereafter 
Ten hyper-responder animals were measured throughout 
the experiment 
Commencement of cholesterol feeding (200 mg/70 _ g feed 
per day). 
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Figure 11. Plasma cholesterol speaifia radioactivity of 
hypo- and hyper-responder rabbits. The points represent the 
mean plasma cholesterol spe~ific radioactivity with the bars 
representing one S.E. above and below the mean. See legend 
to figure 10 for number of animals per group. 
(ii) Steroid balance for HO and HR rabbits on 
a diet containing no added cholesterol: 
During the period from week five to week eight 
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the plasma cholesterol concentration and specific activity 
were reasonably constant for both HO and HR animals 
(Figures 10, 11). Consequently, data from the weekly 
faecal collections during this period were pooled to 
obtain an estimate of cholesterol synthesis and absorption 
in the non cholesterol-fed state for HO and HR rabbits. 
Neutral steroid output was corrected for losses by comparing 
plant steroid output with dietary plant steroid input. 
abb . f 14 0 • 1. h f In r its, recovery o C-µ-sitostero int e aeces 
exceeds 95% (C. E. West, personal communication) and so 
losses of neutral steroids due to the degradation of the 
cyclopentanophenanthrene ring by microbial action during 
passage along the intestinal tract are negligible. Both 
acidic and neutral steroids are corrected for losses during 
collection and homogenisation of the faeces and urine by 
determining the recovery of an inert marker, chromic oxide. 
Recoveries of the internal neutral steroid standard, 
7a- 3H-cholesterol were generally 95% after saponification 
and extraction and 90% after TLC of the neutral steroids. 
Recoveries of the acidic steroid standard, either 
3H-
cholic acid or 3H-deoxycholic acid, were generally from 
50-60%. Such low recoveries result from the difficulties 
of the extraction procedure. 
The output of neutral and acidic steroids for the 
five HO and six HR rabbits is shown in Table 28. Bile acids 
could not be quantitated individually because their 
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TABLE 28. Balance of neutral and acidic steroids in HO 
and HR rabbits - non cholesterol-fed. 
a 
b 
Balance, mg/day 
Dietary a Faecal steroids 
HO cholesterol b Neutral Acidic Total 
1 16 27 52 79 
2 16 29 17 46 
3 16 35 26 61 
4 16 36 30 66 
5 16 31 18 49 
Mean±S.E. 32±1.7 29±6.3 60±6.0 
HR 
1 16 16 37 53 
2 16 22 40 62 
3 16 28 34 62 
4 16 32 19 51 
5 16 27 23 50 
6 16 33 36 69 
Mean±S. E. 
-
26±2.6 32+3.4 5 8± 3. 1 
Two constituents of the diet were meat and fish meal 
which contain cholesterol 
Bile acid output is expressed in terms of cholesterol. 
The molecular weight of dihydroxycholic acid was used 
in these calculations. 
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Figure 12. Chromatogram of the trimethylsilyl derivatives of 
rabbit aaidia steroid methyl esters separated by GLC. The 
column was stainless steel (3 metres, 1/8 in O.D.) packed 
with Gas Chrom Q (100-120 mesh) . coated with JXR (3% w/w). 
The standard is 5B-cholestan-3B-ol. See text for details of 
gas flow rates and temperature progranuning. 
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separation by GLC was not adequate. Figure 12 shows a 
typical chromatogram of rabbit bile acids. The total area 
under the b i le acid peaks was measured by planimetry and 
related t o tha t of the standard. From Table 28 it can be 
seen that output o f neutral and acidic steroids is similar 
for both HO and HR rabbits. Hellstrom (1965) reports an 
output i n r abbits of 21 mg/day neutral steroids and 68 mg/ 
day acidic steroids measured as deoxycholic acid. The 
output o f neutral steroids in the rabbits reported here is 
similar in q uantity but the acidic steroid output is only 
half of that r eported by Hellstrom (1965). Although during 
this period t hese animals did not receive the diet to 
which cholester o l had b een added, they were consuming a 
small amount (16 mg/day) of cholesterol. This was present 
in the meat and fish meal which were constituents of the 
diet. Th e specific radioactivity of the dietary cholesterol, 
plasma cholesterol, faecal neutral steroids and faecal 
acidic steroids for the HO and HR rabbits are shown in 
Table 29. The ne utral and acidic steroid specific radio-
activities are similar for both HO and HR animals. The 
mean output o f radi oactivity for HO animals (107±5.7 roµCi, 
mean±S.E.) and HR animals (95±74 mµCi} .approximated 
the dietary input (100 . 1 mµCi} and thus isotopic balance 
was achieved. From the above data, daily cholesterol 
synthesis, absorption, entry and the fraction of plasma 
cholesterol de rive d f rom absorbed cholesterol were 
determined using t he e q uations in Table 26. The results 
of such de termin a t ions are presented in Table 30. 
10 0 
TABLE 29. Specific radioactivity of neutral and acidic 
steroids in HO and HR animals - non cholesterol-fed 
Specific activity of steroids, µCi/gCa 
HO Dietary 
Plasma Faecal steroids 
c h o l e sterol cholesterol Neutral Acidic 
1 7 . 47 0.90 1.30 1.29 
2 II 1.15 1.66 2.45 
3 II 1.01 2.47 1.28 
4 II 0.8 8 1.68 1.41 
5 II 1.11 2.40 2.47 
Mean±S.E. 1.01±0.054 1.90±0.229 1.78±0.279 
HR 
1 7.47 1.16 2.11 1. 8 3 
2 II 1. 01 1.92 1.31 
3 II 1.20 1.70 2.11 
4 II 1.11 1.48 2.01 
5 II 1. 01 1.15 1.54 
6 II 0.82 1.27 1. 7 5 
Mean±S.E. 1.05±0.056 1.60±0.154 1.76±0.121 
a Results are expre sse d as µCi/g carbon to correct for 
the molecular weight differences between cholesterol 
and the bile acids . The molecular weight of 
dihydroxycholic acid was used in these calculations. 
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TABLE 30. Parameters of cholesterol metabolism in HO and HR rabbits - non cholesterol-fed 
Absorbed Plasma cholesterol Cholesterol Endogenous C
holesterol 
HO cholesterol, derived from absorbed synthesis, 
neutral steroid entry 
mg/day cholesterol, % mg/day output, mg/day 
mg/day 
1 14 12.1 63 
25 119 
2 14 15.3 30 
27 89 
3 8 13.5 45 27 
60 
4 12 11.8 50 32 
99 
5 10 14.9 33 25 
65 
Mean±S.E. 11.6±1.16 13.5±0.71 44.2±5.98 27.0±1.30 
86.4±10.92 
HR 
1 14 15.6 37 14 
87 
2 13 13.5 46 19 
96 
3 15 19. 8 46 27 
76 
4 14 14.9 35 30 
95 
5 15 13.5 34 26 
114 
6 14 11.0 53 31 
125 
I-' 
14.2±0.31 Mean±S.E . 14.7±1.20 41.8±3.11 24.5±2.71 
98.8±7.30 0 
I-' 
.. 
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Absorption of dietary cholesterol was significantly higher 
(P<0.05) for HR animals being 88% of the dietary intake. 
This is reflected in the higher daily cholesterol entry 
seen in HR rabbits (99±7.3 mg/day mean±S.E.) when compared with 
HO rabbits (86±10.9 mg/day). Cook, Kliman and Fieser 
(1954} report that rabbits fed 1% cholesterol with 16.6% 
olive oil absorb 90% of the daily cholesterol corresponding 
to 250 mg/kg body weight per day. The animals reported 
here consume a diet containing 0.022% cholesterol and 
3.5-4.5% fat and absorb approximately 4.3 mg/kg body 
weight per day (assuming a mean body weight of 3 kg and a 
mean absorption of 13 mg/day}. The fraction of the plasma 
cholesterol derived from absorbed cholesterol was similar 
for both HO (13.5±0.71%, mean±S.E.} and HR animals 
(14.7±1.20%}. Endogenous neutral steroid output is higher, 
but not significantly so, in HO rabbits. 
Cholesterol synthesis, as measured by the 
difference between input and total faecal steroid output, 
is similar for both HO (44.2±5.98 mg/day, mean±S.E.} and 
HR animals (41.8±3. 11 mg/day). Thus there is very little 
difference between hypo-responder and hyper-responder 
rabbits when they are consuming a diet containing no added 
cholesterol. The output of endogenous neutral steroid is 
slightly higher in HO animals and more cholesterol enters 
the miscible pools per day in HR animals. Steroid 
balances for HO and HR rabbits fed a diet containing no 
added cholesterol are summarised in Figure 13. 
The proportion of cholesterol and S-sitosterol 
present in the faeces as their respective 5S-ol and 58-one 
Synthesis--....,.:a.44 mg 
12 mg Endogenous 
output 
\ 
28 mg 
Input 16 mg--....-1 .. ~4 mg __,,,--Y""' 
HR 
-
Synthesis_...,.-....._ 
•-40 mg 
14 mg Endogenous 
output 
Input 16 mg -----t~~2 mg~-
24 mg 
0 
• 
----1-~32 mg Neutral 
steroids 
---1 .. ~ 2·9 mg Acidic 
steroids 
----1~~26 mg Neutral 
steroids 
_ __. . ~ .32 mg Acidic 
steroids 
Figure 13. Daily cholesterol balances in hypo-responder 
(HO) and hyper-responder (HR) rabbits 
consuming a diet containing no added cholesterol. 
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metabolites are shown in Table 31. A reduction in output 
of the 58-ol of cholesterol and S-sitosterol was observed 
in HR animals. Hellstrom (1965) reported a ratio of 
cholesterol to coprostanol of 1.2 in the neutral steroids 
of rabbits on a normal diet. This is considerably lower 
than that reported here for HO and HR rabbits. 
TABLE 31. Composition of neutral steroid output in HO and 
HR animals - non cholesterol-fed 
Mean Composition, %±S.E. 
Neutral Cholesterol a B-sitosterola 
a 
b 
C 
steroids 
HOb HRc HO HR 
115 77.7±3.05 88.7±2.40* 62.9±1.64 75.8±3.17** 
5S-ol 23.0±1.86 10.8±2.54** 29.5±3.50 16.8±1.11** 
SB-one 0.4±0.04 0.4±0.06 7.4±1.65 7.5±1.20 
These compounds correspond to cholesterol, coprostanol 
and coprostanone respectively and to the analogous 
compounds of S-sitosterol 
Mean of five animals 
Mean of six animals 
Comparisons by Students' t-test between HO and HR of same 
group 
* P<0.05 ** P<0.01 
(iii) Steroid balance for HO and HR rabbits on a 
diet containing added cholesterol: 
Data obtained from weeks 11-13 of the experiment 
{3rd to 5th week of cholesterol feeding) were pooled and 
the mean daily output of neutral and acidic s te roids f rom 
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the five HO and six HR animals were calculated (Table 32). 
Comparison of the results shown in Table 28 and in Table 32 
show that both neutral and acid steroid output is increased 
with cholesterol feeding. Again, the output of neutral 
steroids is higher,but not significantly, for HO animals 
when compared with HR animals. Hellstrom (1965) reports 
that rabbits fed a 1% (w/w) cholesterol diet excrete 520 mg 
neutral steroid in their faeces per day. The animals 
reported here are producing only half that quantity on a 
proportional basis (dietary cholesterol= 0.31%, w/w). 
However, output of acidic steroids is considerably higher 
on a proportional basis than that reported by Hellstrom 
(1965) for the output of deoxycholic acid. Total output of 
faecal steroids derived from cholesterol is significantly 
higher (P<0.05) for HO animals (Table 32). However, total 
output is less than the daily dietary input for both HO 
and HR animals and thus the pool size must still be 
increasing. The specific radioactivities of the neutral 
and acidic steroids and plasma cholesterol are presented 
in Table 33. Daily output of radioactivity for HO 
(141±4.3 mµCi, mean±S.E.} and HR (124±9.8 mµCi} animals 
is more than the input (100.1 mµCi). 
The mean plasma cholesterol specific radioactivity 
approximates the dietary cholesterol specific radioactivity. 
Thus the percentage of plasma cholesterol derived from 
absorbed cholesterol (Table 34) is high in both HO 
(87.9±3.45%, mean±S.E.) and HR rabbits (.101.6±1.81%). 
This result indicates that the rate of synthesis is 
negligible in HR animals and very low in HO animals. 
TABLE 32. Balance of neutral and acidic steroids in HO 
and HR rabbits - cholesterol-fed 
Balance mg/day 
Dietary a 
Faecal steroids 
HO b cholesterol Neutral Acidic Total 
1 217 127 19 146 
2 217 57 99 156 
3 217 81 74 155 
4 217 106 47 153 
5 217 73 41 114 
105 
Mean±S.E. 88.8±12.4 56.0±13.87 144.8±7.89 
HR 
1 217 53 68 121 
2 217 48 34 82 
3 217 52 42 94 
4 217 65 67 132 
5 217 69 28 97 
6 217 96 55 151 
Mean±S.E. 63.0±7.26 49.0±6.92 113.0±10.7* 
a This is composed of 16 mg present in the diet plus 
201 mg added to the diet 
b See footnote b to Table 28 
Comparisons by Students' t-test between HO and HR of same 
group 
*<P 0.05 
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TABLE 33. Specific radioactivity of neutral and a cidic 
steroids in HO and HR animals - cholesterol-fed 
Specific activity of steroids µCi/gCa 
HO Dietary 
Plasma Faecal steroids 
cholesterol cholesterol Neutr a l Acidic 
1 0.551 0.52 0.87 2.098 
2 " 0.44 0.87 0.790 
3 " 0.44 0.87 1. 0 78 
4 " 0.50 0.58 1.643 
5 II 0.52 1.28 1.067 
Mean±S.E. 0.48±0.018 0.89±0.112 1.34±0 . 23 5 
HR 
1 0.551 0.54 1.00 0.688 
2 II 0.59 1.51 0.835 
3 II 0.53 1.44 1.382 
4 " 0.57 1.00 1. 321 
5 " 0.57 0.98 1.536 
6 II 0.54 0.97 1.02 0 
Mean±S.E. 0.56±0.010 l.15+0.103 1.13±0.137 
a See footnote a to Table 29 
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TABLE 34. Parameters of cholesterol metabolism in HO and 
HR rabbits - cholesterol-feda 
Plasma cholesterol Cholesterol 
HO derived from absorbed synthesis, 
cholesterol, % mg/day 
1 95.1 -71 
2 79. 5 -61 
3 80 .1 -62 
4 90.2 -64 
5 94.9 -113 
Mean±S.E. 87.9±3.45 -74±9.86 
HR 
1 9 8. 4 -96 
2 10 8. 0 -135 
3 96.8 -123 
4 104.4 -85 
5 10 3. 8 -120 
6 9 8. 2 -102 
Mean+S.E. 101.6±1.81** -110.2+7.7* 
a Calculated using equations in Table 28 
Comparisons by Students' t-test between HO and HR rabbits 
of same _ group 
* P<0.05 ** P<0.01 
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Synthesis, as calculated by output mi nus input, is nega t ive 
for both HO (-74±9.9 mg/day, mean±S . E. } and HR ani mals 
(-110±7.7 mg/day) indicating that the poo l s i ze is expanding 
and at a significantly greater rate (P <0.01) for HR animals 
(Table 34). Obviously, the relationship of output minus 
input equalling synthesis is invalid at this time and the 
relationship should be output minus input equals synthesis 
minus change in pool size. Clearly, these animals cannot 
be considered to be in a metabolic steady state with 
regard to either mass balance or isotope balance. 
Because the plasma cholesterol specific radio-
activity approximates the dietary cholesterol specific 
radioactivity, the divisor in equation 2 (Table 26) is very 
small and this produces obviously erroneous (large or 
negative) values for cholesterol absorption and hence entry 
and endogenous neutral steroid output. Therefore, it has 
not been possible to calculate these parameters of cholesterol 
metabolism in cholesterol-fed HO and HR rabbits. 
The conversion of cholesterol to coprostanol is 
reduced after cholesterol feeding (Table 35}. Hellstrom 
(1965) reports a ratio of cholesterol to coprostanol of 
3.4 in rabbits after cholesterol feeding. The rabbits 
reported here have a ratio three to six times that value. 
It is of interest that the HR rabbits exhibit significantly 
less (P<0.01) conversion of cholesterol to coprostanol 
during the period on the diet containing 16 mg/day of 
cholesterol (Table 31). 
109 
TABLE 35. Composition of neutral steroid output in HO and 
HR animals - cholesterol-fed 
Mean Composition, %±S.E. 
Neutral Cholesterol 
a 
a 
b 
C 
steroids 
HOb HRc 
fl 5 89.7±1.66 93.3±1.58 
58-ol 10.1±1.77 5.8±1.38 
SB-one 0.2±0.04 0.3±0.06 
See footnote a to Table 31 
Mean of five animals 
Mean of six animals 
(b) Discussion: 
B-sitosterola 
HO HR 
79.3±0.88 76.0±4.16 
15.7±0.67 15.6±2.67 
5.7±1.20 8.5±1.50 
The principal differences between hypo-responder 
and hyper-responder rabbits are only seen during the period 
of cholesterol feeding when there is a considerable 
difference in plasma cholesterol concentration. The results 
obtained in non cholesterol-fed rabbits are in broad 
agreement with those reported by earlier workers (Cook and 
Thomson, 1951; Cook et al., 1954; Hellstrom, 1962, 1965). 
Studies on hypo- and hyper-responder cholesterol-fed 
squirrel monkeys showed that acidic steroid excretion 
increased more rapidly in HO animals than HR animals (Lofland, 
Clarkson, St Clair and Lehner, 1972) and neutral steroid 
excretion was unchanged. Cholesteirol balance studies 
carried out in rats (Wilson, 1964) and dogs (Pertsemlidis, 
Kirchman and Ahrens, 1973) also showed increased acidic 
steroid output during cholesterol feeding. This is the 
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opposite to what is happening in HO and HR rabbits where 
neutral steroid output is higher in HO than HR rabbits and 
acidic steroid excretion is similar for both HO and HR 
animals, although higher than in the non cholesterol-fed 
state. A similar situation exists in man where increased 
absorption of dietary cholesterol produces increased output 
of endogenous faecal neutral steroids (Quintao, Grundy and 
Ahrens, 1971) but little change in acidic steroid output. 
A recent report concerning hypo- and hyper-responder pigeons 
suggests that HO pigeons excrete more cholesterol daily 
when on a diet containing 1% cholesterol and 10% lard than 
do HR pigeons (Wagner and Clarkson, 1974). 
Absorption of ingested cholesterol was higher for 
HR rabbits than HO rabbits, amounting to 88% of ingested 
cholesterol during the period in which the animals consumed 
the diet containing 16 mg/day of cholesterol. During the 
period that the rabbits received 217 mg/day of cholesterol, 
the proportion of plasma cholesterol derived from the diet 
was significantly higher in the HR animals. This is 
consistent with increased absorption or lower synthesis in 
such animals. However, enzymes studies show no difference 
in the rate of cholesterol synthesis between HO and HR 
animals (see below). As no estimate of endogenous neutral 
steroid output can be made, it is not possible to determine 
if the significantly increased output of total faecal 
steroids in HO animals is the result of decreased absorption 
or increased endogenous excretion. In humans, absorption 
is about 50% when intake is small and 25-30% on larger 
intakes of cholesterol (Quintao et al., 1971). 
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Absorption of cholesterol in the rat amounts to 71% on a 
high cholesterol diet (30 mg/day, Wilson, 1964). 
Novitskii (1971) reports that absorption in rabbits 
"resistant" to dietary cholesterol does not differ from 
that found in normal rabbits. 
The contribution of dietary cholesterol to plasma 
cholesterol during the period on 217 mg/day of cholesterol 
amounted to 100% in HR rabbits and 88% in HO rabbits. This 
is considerably more than that seen in HO and HR squirrel 
monkeys (60%, Lofland et al., 1972}, man (less than 50%, 
Grundy and Ahrens, 1969), baboon and rhesus monkey (60%, 
69%, ~ggen, 1974} but similar to that seen in the rat 
(90%, Grundy and Ahrens, 1969}. 
Thus, in summary, hyper-responder rabbits when 
fed cholesterol develop an increased hypercholesterolaemia 
when compared with hypo-responder rabbits. This seems to 
be brought about by the ability of the HO animals to 
excrete more total faecal steroids derived from cholesterol. 
However, it is not possible to determine what proportion of 
the faecal neutral steroids represents unabsorbed dietary 
cholesterol. 
3. Distribution of total cholesterol in HO and HR rabbits 
between plasma and liver and the relative contributions of 
cholesterol and cholesteryl ester. 
From the cholesterol balance study, it was clear 
that HO and HR rabbits could not be distinguished 
biochemically prior to feeding the cholesterol containing 
diet. The possibility that the transport of cholesterol 
in the lipoproteins could differentiate between HO and HR 
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animals after cholesterol feeding has been discounted (see 
previously). The next step was to investigate the 
possibility that hypo-responder animals were better able 
to prevent cholesterol release from the liver. To 
investigate this possibility, ten HO and ten HR rabbits 
were fed the cholesterol containing diet (200 mg cholesterol 
per day) from age ten weeks for a period of three weeks. 
At the end of this period the animals were killed and 
plasma and liver cholesterol and cholesteryl ester 
estimated. 
(a) Results and discussion: 
The plasma total cholesterol for HR rabbits was 
significantly higher (P<0.01) than that for HO rabbits and 
this was reflected in the significantly higher (P<0.05) 
free cholesterol and cholesteryl ester seen in the HR 
rabbits (Table 36}. As both free cholesterol and 
TABLE 36. Plasma cholesterol concentrations 1n HO and HR 
rabbits - cholesterol-fed 
HO HR 
Total cholesterol, mg/dl 460±25.1 677±58.4** 
Free cholesterol, mg/dl 133±9.3 203±23.5* 
Cholesteryl ester, mg/dl 316±23.1 445±34.8** 
Free/ester ratio 0.44±0.042 0.36±0.037 
Results are mean±S.E., ten animals per group 
Comparisons by Students' t-test between HO and HR of same 
group 
* P<0.05 ** P<0.01 
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esterified cholesterol were raised in HR rabbits the ratio 
of free cholesterol to esterified cholesterol was similar 
for both HO (0.44±0.042, mean±S.E.) and HR rabbits (0.36± 
0.037). Recovery of total cholesterol after TLC generally 
exceeded 95%. The ratio of free to esterified cholesterol 
is similar to that reported by Wang et al. (1953) for 
cholesterol-fed rabbits and is also unchanged from the non 
cholesterol-fed ratio for HO (0.46±0.023, n=3) and HR 
animals (0.35±0.061, n=5). 
There were no differences in body weight between 
the two groups but liver weight was significantly higher 
(P<0.001) for HR animals (Table 37). The concentration of 
total cholesterol in the liver was significantly higher 
(P<0.05) in HO animals. However, because of the differences 
in liver weight, total cholesterol per liver was similar 
in HO and HR rabbits (Table 37). The total plasma-liver 
cholesterol pool, estimated by assuming a plasma volume of 
42.3 ml/kg body weight for all rabbits (Aikawa, 1950}, was 
significantly (P<0.05} increased in HR rabbits (Table 37}. 
The increased concentration of total cholesterol 
in the liver of HO animals is the result of increased 
concentration of cholesteryl ester and this is reflected 
in the altered ratio of free cholesterol and esterified 
cholesterol (Table 38}. In the non cholesterol-fed state, 
free cholesterol accounts for about 80% of liver total 
cholesterol (Evans and Oleksyshyn, 1959} and it is the 
cholesteryl ester which appears to be the preferred 
form for liver storage after cholesterol feeding (Billiau, 
Evrard, Van den Bosch, Joossens and De Somer, 1963; 
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TABLE 37. Body weights, liver weights and liver cholesterol 
concentrations in HO and HR rabbits - cholesterol-fed 
HO HR 
Body weight, kg 2.12±0.032 2.03±0.046 
Liver weight (wet) , kg 70.0±1.9 94.0±5.0*** 
Liver total cholesterol 6.0±0.40 4.8±0.15* 
concentration, ~g/g 
Total liver cholesterol, 424±34.8 457±31.2 
mg 
Plasma-liver cholesterol 835±50.6 1035±74. 2* pool, mg 
Results are mean S.E., ten animals per group. Results 
from liver are expressed on a wet weight basis 
Comparisons by Students' t-test between HO and HR 
of same group 
* P<0.05 *** P<0.001 
TABLE 38. Free cholesterol and cholesteryl ester 
concentrations in the livers of HO and HR rabbits -
cholesterol fed 
115 
Free cholesterol, mg/g 
Cholesteryl ester, mg/g 
Free/ester ratio 
HO 
2.0±0.11 
3.6±0.31 
0.59±0.040 
HR 
2.1±0.08 
2.6±0.12** 
0.79±0.027*** 
Results are mean±S.E., ten animals per_ group. Results 
from liver are expressed on a wet weight basis 
Comparisons by Students' t-test between HO and HR of 
same _ group 
** P<0.01 *** P<0.001 
Nestel, 1970). This is also true for HO and HR rabbits. 
Prior to cholesterol feeding, about 83% of liver cholesterol 
is unesterified (free/ester ratio=6.31±0.378 for HO 
animals, n=3 and 4.67±1.225 for HR animals, n=5) and after 
choles terol feeding the amount of unesterified liver 
cholesterol falls to 44% in HR animals and 37% in HO 
animals (Table 38). Thus the hypo-responder rabbit stores 
more cholesterol as cholesteryl ester in the liver than 
does the hyper-responder rabbit. The report by Camejo 
et al. (1973) which states that increased concentrations of 
intracellular cholesterol leads to increased lipoprotein 
biosynthesis in rabbits may be important, if unesterified 
cholesterol is a precursor of lipoprotein. If this 
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speculation is correct, one would expect to see the 
increased plasma cholesterol concentration which is in fact 
observed in HR animals. 
4. Enzyme assays and tissue ascorbic acid analyses in 
HO and HR rabbits. 
Experiments were conducted to measure the rate 
of cholesterol synthesis in order to confirm the result 
obtained by the steroid balance study. As 7a-hydroxylase 
is the rate limiting enzyme in the conversion of cholesterol 
to bile acids, attempts were made to measure the activity 
of this enzyme. The rate of hepatic cholesteryl ester 
hydrolysis was measured because of the increased concen-
tration of cholesteryl ester found in the livers of HO 
animals. In addition, the initial rate of plasma 
cholesterol esterification was measured because the enzyme 
lecithin-cholesterol acyltransferase (LCAT) is intimately 
involved in the maintenance of the plasma cholesterol 
concentration (Glomset, 1968; Schumaker and Adams, 1969}. 
Although it has been shown that the rabbit is 
capable of synthesising ascorbic acid, there is an 
increased requirement for this vitamin during cholesterol 
feeding (Ginter, 1970, 1972}. Rabbits "resistant" to 
hypercholesterolaemia have also been shown to have 
increased concentrations of ascorbic acid in the adrenals 
(Novitskii, 1971}. For these reasons, the concentrations 
of ascorbic acid in whole blood, liver and adrenals were 
also measured in HO and HR rabbits. In addition plasma 
and liver cholesterol concentrations were measured. 
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Two experiments were conducted. In experiment 1 
cholesterol synthesis, cholesteryl ester hydrolase activity 
and the concentrations of ascorbic acid in blood, liver 
and adrenals were measured in six HO and six HR rabbits 
after three weeks on the cholesterol containing diet 
(200 mg/day of cholesterol). In addition to the above 
assays, LCAT activity was measured both before and after 
cholesterol feeding in experiment 2 on five HO and five HR 
animals. Preliminary experiments to measure 7a-hydroxylase 
activity were unsuccessful and so the activity of this 
enzyme was not measured in either experiments 1 or 2. 
(a) Results: 
Ci) Body weight, liver weight and cholesterol 
concentrations in plasma and liver of HO and HR rabbits 
used for the enzyme experiments: 
The mean body weights and liver weights for the 
HO and HR rabbits used in the two experiments are shown 
in Table 39. Body weight was similar for both HO and HR 
rabbits. As reported previously, liver weight was 
significantly higher (P<0.01} in the HO rabbits of 
experiment 1. However, in experiment 2, the liver weights 
of HO animals were not significantly different from those 
of the HR animals (Table 39). Pooling of the data from 
experiments 1 and 2 resulted in significantly higher 
(P<0.01) liver weights for HO animals (136±5.0 g, mean± 
S. E., n=ll) when compared with HR animals (111±5. 4 g, 
n=ll). The mean plasma and liver total, free and 
esterified cholesterol concentrations for the rabbits in 
experiments 1 and 2 are also contained in Table 39. 
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As expected plasma total, free and esterified cholesterol 
concentrations are significantly higher in HR animals. 
As noted previously in the balance study, the magnitude 
of the cholesterolaemia produced after three weeks on the 
cholesterol diet (200 mg of cholesterol per day) is not as 
great as that seen during the breeding program. Again, 
these animals are older (between 20 and 30 weeks of age) 
than those tested during the breeding program at ten weeks 
of age. Liver total cholesterol concentration is 
significantly (P<0.05) increased in HO rabbits and this 
increase is in the cholesteryl ester content of the liver. 
Although the mean ratio of free cholesterol to cholesteryl 
ester is higher in HR animals the difference is not 
significant even when the data from experiments 1 and 2 
are pooled (HO ratio=0.54±0.061, n=ll; HR ratio=0.67± 
0.050, n=ll). With the exception of this last point, the 
results obtained with these two groups of animals confirm 
the findings of the preceding section. 
(ii) Ascorbic acid in blood, liver and adrenals: 
The mean ascorbic acid concentrations in blood, 
liver and adrenals for HO and HR rabbits after three 
weeks on the cholesterol-containing diet are summarised 
in Table 40. Adrenal ascorbic acid concentration was not 
estimated in experiment 2. It can be seen that, although 
HO rabbits have a slightly higher blood ascorbic acid 
concentration than HR rabbits, the difference is not 
statistically significant. The values obtained are 
similar to those reported by Harris, Constable, Howard 
and LC'adcr (1956) for non choleste rol-fed rabbits. 
' 
I. 
TABLE 39. Body weights, liver weights and plasma and liver cholesterol concentrations of HO 
and HR rabbits used for the enzyme experiments 
No. of animals 
Body weight, kg 
Liver weight (wet) , g 
Plasma cholesterol, mg/dl 
Total a 
Free 
Ester 
Liver cholesterol, mg/g 
Total a 
Free 
Ester 
Results are mean±S.E. 
Experiment 1 
HO 
6 
2.79±0.126 
128±5.3 
361±41.7 
108±13.9 
258±30.2 
8.1±0.43 
2.5±0.27 
5.6±0.46 
HR 
6 
2.81±0.116 
108±2.9** 
533±21.0** 
151±7.7* 
379±21.3** 
6.7±0.23* 
2.7±0.14 
4.2±0.17* 
Experiment 2 
HO 
5 
2.55±0.255 
144±8.0 
340±20.2 
82±5.1 
245±15.7 
5.9±0.64 
2.2±0.42 
3.6±0.32 
HR 
5 
2.37±0.064 
114±11.9 
472±25.6** 
128±13.7* 
326±12.8** 
4.0±0.37* 
1.6±0.09 
2.4±0.31* 
a The sum of the concentrations of free and esterified cholesterol does not equal the total 
cholesterol because the total cholesteral was estimated prior to TLC 
Comparisons by Students' t-test between HO and HR of same group within each experiment 
* P<0.05 ** P<0.01 
~ 
~ 
~ 
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TABLE 40. Ascorbic acid concentrations in the tissues of cholesterol-fed HO and HR rabbits 
No. of animals 
Whole blood, mg/dl 
Liver, mg/g 
Adrenal, mg/g 
Ascorbic acid concentration, mean±S.E. 
Experiment 1 
HO 
6 
1.29±0.186 
0.17±0.006 
0.96±0.140 
HR 
6 
0.98±0.135 
0.17±0.005 
0.82±0.090 
Experiment 2 
HO 
5 
0.93±0.062 
0.11±0.078 
HR 
5 
0.87±0.092 
0.11±0.094 
..... 
tv 
0 
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The ascorbic acid concentrations in liver were not different 
for HO and HR rabbits and were similar to those reported 
by Ginter (1970) for cholesterol-fed rabbits. They were 
not appreciably different from those reported for non 
cholesterol-fed rabbits (Harris et al., 1956). In this 
laboratory values of 0.14±0.013 mg/g for the liver ascorbic 
acid concentration of twelve non cholesterol-fed rabbits 
have been reported (S. n. Turley, personal communication). 
When the difference in liver weights between HO and HR 
rabbits in experiment 1 is taken into account, the total 
ascorbic acid per liver is significantly higher (P<0.05) 
in HO animals (21.8±1.29 mg, mean±S.E., n=6) when compared 
with HR animals (17.9±0.54 mg, n=6). However, if the data 
from experiments 1 and 2 are pooled the total ascorbic acid 
per liver is not _significantly higher in HO animals 
(18.7±1.39 mg, mean±S.E., n=ll) when compared with HR 
animals (15.5±1.19 mg, n=ll). 
The ascorbic acid concentration in the adrenals 
of rabbits "resistant" to dietary cholesterol has been 
reported to be higher than that found in non-resistant 
animals (Novitskii, 1971). This is not so for the HO and 
HR rabbits reported here (Table 40). Adrenal weights were 
similar for HO (562±23.4 mg, mean±S.E., n=6) and HR animals 
( 5 7 2 ± 7 2 • 0 mg , n = 6) . 
(iii} Hepatic cholesterol synthesis: 
The results of estimates of cholesterol synthesis 
in cholesterol-fed rabbits as measured by the percent 
incorporation of 1-14c acetate into digitonin-precipitible 
steroids by liver slices are summarised in Table 41. 
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TABLE 41. Incorporation of 1-
14c acetate into digitonin 
precipitable steroids by liver slices in cholesterol-fed 
HO and HR rabbits 
No. of 
animals 
Acetate 
Experiment 1 
HO HR 
6 6 
Experiment 2 
HO HR 
5 5 
1ncor- 0.03±0.007 0.03±0.003 0.06±0.016 0.07±0.032 
. a o poration, 15 
Results are mean±S.E. 
a 200 mg liver slices incubated for 2 hours at 37°C with 
0 4 . 1 14c . µCi acetate- - . 
Assays for individual animals were performed in triplicate 
and results generally agreed within 5%. As can be seen 
14 
from Table 41 the percent incorporation of 1- C-acetate 
is extremely low and the values are similar for both HO and 
HR animals. It was necessary to count the radioactivity 
of the digitonin precipitates for a considerable time 
(usually 50 minutes) to obtain a counting accuracy of 2%, 
as the counts per minute rarely exceeded four times the 
background rate. Incorporation of l-
14
c acetate for non 
cholesterol-fed animals was similar for both HO (0.27± 
0.092%, mean±S.E., n=3l and HR rabbits (0.20±0.067%, n=3). 
These values are an order of magnitude less than those 
reported by Carroll (1971) for non cholesterol-fed rabbits. 
However, Carroll used more liver (750 mg) and a longer time 
of incubation (3 hours) and this may account for the 
differences. In this laboratory non cholesterol-fed 
-rabbits from the general colony have similar rates of 
synthesis (0.28 0.060%, n=l2) to the HO and HR animals 
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(S. D. Turley, personal communication) . Gould and Taylor 
(1950) reported that dietary cholesterol suppressed hepatic 
synthesis to a few percent of the non cholesterol-fed rate. 
In cholesterol-fed HO and HR animals hepatic synthesis is 
reduced to about 10% of that seen in non cholesterol-fed 
animals. There is, however, no difference between HO and 
HR animals. Novitskii (1971) also reports no difference 
in hepatic cholesterol synthesis between those rabbits 
"resistant" and those susceptible to dietary cholesterol. 
(iv) Hepatic cholesteryl ester hydrolase: 
A preliminary experiment with five rabbits fed 
the cholesterol containing diet (200 mg of cholesterol per 
day) for three weeks established the linearity of the 
enzymic cholesteryl ester hydrolysis for the first sixty 
minutes of incibation (Figure 14). For both experiments l 
and 2 an incubation time of thirty minutes was used. In 
Table 42 are listed the mean protein and cholesteryl ester 
concentrations of the 105,000 g supernatant and the rate of 
cholesteryl ester hydrolysis expressed as percent conversion 
to cholesterol and as cholesteryl ester formed per mg 
protein per thirty minutes. Non-enzymic hydrolysis of 
cholesteryl ester was similar for HO and HR animals in 
experiment l (H0=0.88±0.104%, HR=0.86±0.072%, mean±S.E.) 
and experiment 2 (H0=0.24±0.024%, HR=0.26±0.018%). From 
Table 42 it can be seen that there are no differences between 
HO and HR animals in their ability to hydrolyse cholesteryl 
ester. Redgrave (1973) reports that cholesterol-fed rabbits 
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Figure 14. Rate of aholesteryl ester hydrolysis in rabbit 
liver. The points represent the mean% hydrolysis of five 
cholesterol-fed rabbits with the bars representing one S.E. 
above and below the mean. 
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TABLE 42. Hepatic cholesteryl ester hydrolase activity in cholesterol-fed HO and HR rabbits 
No. of animals 
Proteina, mg/ml 
b Cholesteryl ester, mg/ml 
Cholesteryl ester hydrolysis: 
% conversion to cholesterol 
µg cholesteryl ester 
hydrolysed/mg protein/30 mins 
Results are mean±S.E. 
a Protein concentration in s105 
Experiment 1 
HO 
6 
18.9±0.32 
0.19±0.020 
2.5±0.43 
0. 2 3± 0. 0 3 3 
HR 
6 
18.9±0.47 
0.19±0.011 
3.4±0.52 
0.33±0.044 
Experiment 2 
HO 
5 
18.8±0.40 
0.16±0.018 
2.5±0.29 
0.24±0.032 
HR 
5 
19.4±0.27 
0.18±0.014 
2.5±0.26 
0.22±0.029 
b Cholesteryl ester concentration in s105 at the start of incubation 
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Figure 15. Activity of plasma leoithin-oholesteroi aoyl-
traneferase in rabbits. The points represent the mean% 
formation of cholesteryl ester of three cholesterol-fed 
rabbits with the bars representing one S.E. above and below 
the mean. 
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have enhanced hepatic hydrolysis of cholesteryl ester when 
compared with non cholesterol-fed rabbits and cholesterol-
fed rats. These observations were made indirectly from 
the clearance of isotopically labelled thoracic duct lymph 
cholesterol by the liver and not by direct enzyme assay. 
Felt and Benes (1970) have also shown that in rabbits, 
hepatic cholesteryl esterase is also enhanced by cholesterol 
feeding. 
(v) Lecithin-cholesterol acyltransferase 
activity: 
In a preliminary experiment with three cholesterol-
fed rabbits th~ rate of cholesterol esterification was 
found to be linear up to thirty minutes of incubation 
(Figure 15). The initial rate of LCAT activity, expressed 
as quantity of cholesteryl ester formed per 100 ml plasma 
per thirty minutes, was higher but not significantly for 
HR rabbits (Table 43}. The rate was significantly 
higher (P<0.001} in the cholesterol-fed than in the 
TABLE 43. LCAT activity in non cholesterol-fed and 
cholesterol-fed HO and HR rabbits 
Non cholesterol-fed Cholesterol-fed 
No. of animals 
HO 
5 
HR 
5 
HO 
5 
HR 
5 
Rate of 
esterificationa 0.76±0.033 0.86±0.063 1.45±0.070 1.63±0.048 
Results are mean±S.E. 
a 
mg cholesteryl ester/30 mins/100 ml substrate 
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non cholesterol - fed animals. This may, however, be an 
artefact of the a ssay system as Raz, Kummerow and Nishida 
(1969) point out that increased concentrations of lipoprotein 
cholesterol r e sult in increased rates of esterification by 
LCAT. Although the proportions of substrate plasma to 
"enzyme" plasma were 1 0 :1 , suff icient cholesterol was 
present in the " e nzyme " plasma to increase the free chol-
esterol concentrati on in the inc ubation mixture for the 
assay in choles t ero l-fed rabbits (Table 44). A similar 
relationship between rate of esterification and the 
concentration of free cholesterol in the plasma has also been 
shown for a n umbe r of species , including the rabbit , by 
Lacko, Rutenbur g and Solo££ (1974). In view of this, it is 
perhaps surprising that the cholesterol-fed HR animals do 
not show an increased rate of esterification when compared 
with the HO ani mal s as the y have a higher free cholesterol 
concentration. However, the majority of the substrate in 
TABLE 44 . Con cent rations of free cholesterol in the 
incubation mixture f o r the assay of LCAT activity in non 
cholesterol-fed and cho lesterol-fed HO and HR rabbits 
No. of animals 
Non cholesterol-fed Cholesterol-fed 
HO 
5 
HR 
5 
HO 
5 
HR 
5 
Free cholesterol 
. / d l 4.4±0 . 25 5.2±0.37 11.1±0.53 12.4±0.29 
concentration , mg 
Results are mean±S.E. 
127 
the assay system is supplied by the pooled heat-inactivated 
rabbit plasma and this may have sufficiently diluted the 
additional free cholesterol supplied by the enzyme plasma 
to mask the difference in free cholesterol concentration 
between HO and HR animals (see Table 44). Hashimoto and 
Dayton (1971) report no increase in the rate of LCAT 
activity between non cholesterol-fed and cholesterol-fed 
rabbits when the initial substrate concentration is fixed. 
Despite the problems associated with the free 
cholesterol concentration of the substrate between non 
cholesterol-fed and cholesterol-fed animals, within each 
feeding . group there are no differences in plasma LCAT 
activity between HO and HR rabbits. 
(vi) Cholesterol 7a-hydroxylase activity: 
Preliminary experiments to determine the activity 
of cholesterol 7a-hydroxylase in rabbit liver failed to 
detect any activity above the background level of 
autoxidation taking place using either the method of 
Mitton et al. (1971) or Mitropoulos and Balasubramaniam 
(1972). Rat liver preparations prepared at the same time 
showed reasonable rates of conversion indicating the 
preparation of the s 15 or s18 supernatant was adequate 
(Table 45). Cholestyramine feeding results in increased 
bile acid formation because of its ability to sequest 
the bile acids and interrupt the enterohepatic circulation. 
However, rabbits which had been consuming cholestyramine 
for four days prior to the enzyme assay did not show 
enhanced 7a-hydroxylase activity (Table 45). Incubations 
were normally carried out for thirty minutes at pH 7.4. 
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TABLE 45. Activity of cholesterol 7a-hydroxylase in rat 
and rabbit 
7a-OH cholesterol 
produced, % 
Animal Total By 
'd . a autoxi ation 
Rat 8 15 
b 3.7 0.23 
a 
b 
C 
C 
e 
8 18 
C 1.7 0.23 
Rabbit 
1. Non cholesterol-fed 8 15 0.68 
0.57 
8 18 0.42 
0.47 
2. 
d 8 18 0. 39 
0.46 Cholesterol fed 
3. Cholestyramine fede 8 18 0.24 
0.17 
8 15 0.19 
0 .10 
4. Cholestyramine fed, pH 6.5 
8 15 0.24 
0.17 
5. Cholestyramine fed, pH 8.0 
8 15 0.22 
0.17 
6. Cholestyramine fed 8 15 
incubate 40' 0.15 0.15 
incubate 80' 0.27 0.28 
Boiled enzyme preparation 
s
15 
is the 15,000 g supernatant prepared by the method 
of Mitropoulos and Balasubramanian (1972) 
s
18 
is the 18,000 g supernatant prepared by the method 
of Mitton et al. (1971). 
Fed the cholesterol diet (200 mg cholesterol per day) 
for three weeks 
Fed cholestyramine (4% w/w} for four days prior to 
experiment 
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Prolonging the time of incubation increased the non-enzymic 
production of ?a-hydroxy-cholesterol and altering the pH 
did not produce an appreciable difference in the rate of 
hydroxylation of cholesterol (Table 45). Thus, this enzyme 
assay, as described in the literature for the rat, does not 
seem to work for rabbit hepatic 7a-hydroxylase. 
(b) Discussion: 
There is no difference between HO and HR rabbits 
in the concentrations of ascorbic acid in liver, blood and 
adrenals after cholesterol feeding. Ginter (1970) suggests 
that cholesterol feeding results in an accumulation of 
ascorbic acid in liver and adrenals of rats and rabbits and 
a depletion of tissue ascorbic acid in guinea pigs, animals 
which are unable to synthesise ascorbic acid. Novitskii 
(1971} reports an increased concentration of ascorbic acid 
in the adrenals, but not liver of rabbits "resistant" to 
dietary induced hypercholesterolaemia. These findings 
/ 
imply that an ability to increase ascorbic acid synthesis 
enables the animal to more readily metabolise the increased 
cholesterol intake. This does not seem to be a factor in 
differentiating the HO and HR rabbits. The effect of the 
addition of ascorbic acid to the diet of cholesterol-fed 
rabbits has been reported to have a hypocholesterolaemic 
effect (Ginter, Babala and Polonyora, 1970), a transitory 
hypocholesterolaemic effect (Zaitsev, Myasnikov, Kasatkina, 
Lobova and Sukasova, 1964), and no effect (Pool, Newmark, 
Dalton, Banziger and Howard, 1971). Clearly, the exact 
effect of ascorbic acid on cholesterol metabolism in rabbits 
is yet to be determined. 
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Hypo- and hyper-responder rabbits do not differ 
in the degree of inhibition of cholesterol synthesis 
induced by cholesterol feeding. The rate of synthesis is 
only 10% of that seen in the non cholesterol-fed state. 
Cholesteryl ester hydrolase activity was also similar in 
HO and HR rabbits despite the increased hepatic cholesteryl 
ester concentration in HO animals. The liver is the major 
source of plasma cholesteryl ester in cholesterol-fed 
rabbits (Rose, 1972) with LCAT only taking a minor role. 
LCAT activity in HR animals is slightly higher in 
both the non-cholesterol-fed state and the cholesterol-fed 
state. However, this increase is not significant. Further 
experiments des~gned in such a way as to enable the animals' 
own free cholesterol to be used as substrate (Lacko et al., 
1974) may establish whether this trend is of importance. 
7a-hydroxylase, the rate limiting enzyme in the 
formation of bile acids, could not be assayed in the 
rabbit because of methodol ogical difficulties. The enzyme 
has been successfully ass ayed in the rat here and by other 
workers (see Table 1) and also in the _ guinea pig and the 
hamster (Kritchevsky, Tepper and Story, 1973; Schoenfie ld, 
Bonorris and Ganz, 1973}. However, no report s of the 
assay of 7a-hydroxylase in rabbits are known at the present 
time. 
In contrast to the results rep::)rted in section 3, HO ai'1.ii-rals had 
higher liver weights than HR animals. As a result of this , total 
cholesterol, free cholesterol and cholesteryl ester per liver is higher 
in HO than HR anirrals. This contradiction to the results refX)rted 
earlier may be explained by the differe..Dce in age of these anirrals 
(20-30 weeks) corrpared to those rep::)rted in se~L-ion 3 (10 wee..1<.s) or 
alternatively it may be an effect of their prior exp::)Sure to the 
cholesterol-containing diet at age ten weeks. H<:Mever, the concent-
ration of cholesteryl ester is always higher in HO animals wnen 
a:xnpared with HR a.DirrBls. 
CONCLUSION 
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In this thesis the observations of Redgrave and 
West (1972) on the differential effect of piperazine on 
cholesterol metabolism in male and female rabbits have 
been extended to castrated rabbits. Similar effects were 
produced in the castrated animals, i.e. in male rabbits 
hypercholesterolae~ia was reduced but in females it was 
increased. 
Hepatic microsomal cytochrome P-450 concentration 
was measured in these animals and was reduced in piperazine-
treated males but not females. There appears to be no 
simple relationship between cytochrome P-450 and cholesterol 
metabolism. 
During these experiments considerable individual 
variation in the cholesterolaemic response to dietary 
cholesterol was noted and this has been developed into a 
full study of the individual components of such variation 
in rabbits. 
Rabbits, when consuming a diet containing no 
added cholesterol, exhibit quite wide variations in plasma 
cholesterol concentration. This variation can be assigned 
to two sources, a heritable component and an environmental 
component. In females, the heritability of the plasma 
cholesterol concentration is 62% and in males 22%. A 
recent report by Patton, Brown and Middleton (1974) has 
shown the heritability of plasma cholesterol concentration 
in pigeons to be 51%. These authors developed two strains, 
a line with reduced plasma cholesterol concentration and 
a line with increased plasma cholesterol concentration. 
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Most reports su9gest a polygenic mode of inheritance of 
plasma cholesterol concentration in the animals studied. 
It is not possible to assess the mode of inheritance of 
the plasma cholesterol concentration in non cholesterol-
fed rabbits because the design of the experiment was 
inappropriate for such an assessment. 
Females have also been shown to have higher plasma 
cholesterol concentrations than males and this is 
significantly reduced during pregnancy. The plasma choles-
terol concentration decreases with ~ge in males but not 
females. In contrast to this, female dairy cattle exhibit 
an increase in plasma cholesterol concentration up to 
three years of age followed by a decrease over the 
ensuing ten years (Tumbleson and Hutcheson, 1971). Female 
rabbits also exhibit a slight seasonal variation which is 
not present in males. Female rats show a cyclical 
variation in plasma cholesterol concentration associated 
with the oestrus cycle (Fillies, Kaplan, Martin and Stare, 
1958). This cannot explain the seasonal variation in female 
rabbits as they only ovulate after copulation. Seasonal 
variations have also been observed in four breeds of 
cattle, the plasma cholesterol concentration increasing 
during the winter months (O'Kelly, 1972, 19731. 
The cholesterol-fed rabbit also exhibits 
considerable variation in the cholesterolaemia produced 
by cholesterol feeding and there is a correlation between 
the plasma cholesterol concentration before cholesterol 
feeding and the increase observed after cholesterol 
feeding. By selected breeding, it has been possible to 
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produce rabbits which differ markedly in their response to 
dietary cholesterol, the hypo-responder (HO} rabbit and 
the hyper-responder (HR) rabbit. The heritability of such 
traits is 50%. This value is in reasonable agreement with 
those reported for other species (Patton et al., 1974; 
Estep et al., 1969; Weibust, 1973; Eapen et al., 1971; 
Stufflebean and Lasley, 1969}. There is no difference 
between sexes in the response of HO and HR rabbits to 
cholesterol feeding. However, it is possible that there 
may be an age effect as the cholesterolaemia is not so 
pronounced in older rabbits of both sexes. However, this 
factor was not examined in a systematic way and further 
experiments are necessary to clarify this point. 
The response of the HO rabbit is dependent on 
a factor in their pre-weaning environment. HO animals 
raised on HR dams tend to resemble HR offspring raised on 
their natural dams. The response of HR rabbits is not 
altered by being raised on HO foster dams. Feigenbaum and 
Gaman (1967) report that the incidence of spontaneous 
aortic lesions in the offspring of Dutch rabbit dams is 
increased when they are raised on New Zealand White dams. 
Normally, rabbits of the Dutch strain have a relatively 
low incidence and rabbits of the New Zealand White strain 
have a high incidence of lesions. They conclude that there 
is a factor present in the milk of Dutch dams and absent 
in the milk of New Zealand White dams which affects the 
incidence of spontaneous aortic lesions. It has been 
observed that the milk of HR dams has a higher concen-
tration of cholesterol and phospholipid than the milk of 
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HO dams. Thus, the character for hyper-response is 
independent of mothers' milk whilst the character for hypo-
response is dependent on the cholesterol and possibly 
phospholipid concentration in the milk. 
As some of the causes of variations in plasma 
cholesterol concentration in non cholesterol-fed and 
cholesterol-fed rabbits had been established, investigations 
were conducted to determine the differences between HO and 
HR rabbits. It was observed that the additional cholesterol 
contained in the plasma of HR rabbits is carried by very 
low density lipoprotein (VLDL) of d<l.006 and low density 
lipoprotein of l.006<d<l.019 (LDL 1). Cholesterol feeding 
in rabbits results in an increase in lipoproteins of 
d<l.063 (LDL and VLDL, Camejo et al., 1973; Camejo, Bosch 
and Lopez, 1974). Chickens fed cholesterol also have 
increased concentration of VLDL (Kruski and Narayan, 1972). 
A similar situation exists for HO and HR rabbits. However, 
HO and HR rabbits do not differ in the percentage 
composition of the plasma lipoproteins as the increased 
cholesterol concentration in VLDL and LDL1 in HR rabbits 
is accompanied by increased concentrations of phospholipid 
and protein. 
The concentration of total cholesterol is higher 
in the livers of cholesterol-fed HO animals and this 
increase is in the concentration of cholesteryl ester . 
However, the we~ght of livers in HR animals is higher than 
that in HO animals and thus total cholesterol per liver is 
similar. There is no difference in the rate of hydrolysis 
of cholesteryl ester in the livers of HO or HR animals. 
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Hepatic cholesterol synthesis is suppressed to 10% of the 
non cholesterol-fed rate in both HO and HR rabbits. This 
is in contrast to the report of Adams et al. (1972) which 
concluded that hepatic synthesis was unaffected in New 
Zealand White and Dutch rabbits when fed a diet containing 
from 0.1-1% cholesterol. Dutch rabbits correspond to HO 
animals in their response to dietary cholesterol and New 
Zealand White rabbits correspond to HR animals. These 
authors did not detect any differences in the ability of 
these animals to absorb, catabolise or excrete cholesterol. 
However, HO rabbits excrete more total steroids derived 
from cholesterol than HR rabbits. This may be because 
absorption is less in HO rabbits or alternatively it may be 
because there is increased endogenous output of neutral 
steroids and possibly acidic steroids. Unfortunately, the 
availability of these specially bred HO and HR animals 
precluded the repeating of the balance studies to determine 
which of these alternatives was correct. Although hepatic 
cholesterol synthesis is suppressed equally in HO and HR 
rabbits after cholesterol feeding it is possible that 
intestinal cholesterol synthesis may be proceeding at 
different rates in these animals. This would seem to be 
unlikely considering that almost 100% of the plasma 
cholesterol is derived from absorbed cholesterol in HR 
rabbits and 90% in HO animals. 
The significance of the reduced microbial 
degradation of cholesterol to coprostanol seen in HR 
animals is difficult to explain. However, this is unlikely 
to affect absorption as most microbial action takes place 
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in the large intestine and cholesterol is primarily 
absorbed in the upper third of the small intestine 
(McIntyre, Kirsch, Orr and Isselback.er, 1971; McIntyre 
and Isselbacker, 1973). A report by Pollack (1953) showed 
that feeding rabbits sitosterol (a mixture of a-, S- and 
y-sitosterols) and cholesterol in the ratio of 6:1 
prevented hypercholesterolaemia by preventing absorption. 
Dietary fibre has been shown to reduce bacterial 
dehydroxylation of bile salts in humans (Pomare and Heaton, 
1973). However, as the rabbits were consuming similar 
diets this seems an unlikely explanation for the differences 
seen in HO and HR rabbits. 
The key to the difference between HO and HR 
animals seems to be the plasma/liver partition of the 
cholesterol and with the increased faecal steroid output 
in HO animals. The ability of plasma lecithin-cholesterol 
acyl-transferase (LCAT) to esterify cholesterol is similar 
in both HO and HR animals. Thus this enzyme does not seem 
to be involved in the increased cholesterolaemia seen 1n 
HR animals. Although bile acid output is raised in 
cholesterol-fed animals,the major increase is in neutral 
steroid output which is even greater in HO than in HR 
animals. However, this increase failed to reach signif-
icance for the number of animals used. It is possible 
that with increased numbers of animals this trend could 
have been confirmed. 
There is some evidence that cholesteryl ester 
is the substrate for the enzyme cholesterol 7a-hydroxylase 
(Boyd, 1962) and with the increased concentration of 
137 
cholesteryl ester in the livers of HO animals it is possible 
that increased bile acid production would aid in reducing 
the plasma cholesterol concentration. However it was not 
possible to measure the rate of hydroxylation of cholesterol 
by this enzyme. The balance of evidence, however, does not 
favour the idea that cholesteryl ester is the substrate. 
It is generally believed that the substrate is free 
cholesterol (Finagin, 1972; Mathe, D'Hollander and 
Chevallier, 1972). If this is correct,one would perhaps 
expect an increased rate of cholesteryl ester hydrolysis 
in HO rabbits and hence increased availability of free 
cholesterol for catabolism. Unfortunately the rates of 
ester hydrolysis are similar for both HO and HR animals. 
Ascorbic acid is believed _to be essential for 
the catabolism of cholesterol to bile acids in guinea 
pigs (Ginter, Cerven, Nemec and Mikus, 1971; Ginter, 
Nemec, Cerven and Mikus, 1973; Ginter, 1973). In 
cholesterol-fed HO and HR rabbits the concentrations of 
ascorbic acid in liver are similar although the ascorbic 
acid content of liver is higher in HO animals. On balance, 
it seems unlikely that enhanced acidic steroid output is 
the cause of reduced plasma cholesterol concentration in 
HO animals. 
If absorption is similar in cholesterol-fed HO 
and HR rabbits, it is possible that the HO animal is 
better able to re-excrete absorbed cholesterol and hence 
not become as hypercholesterolaernic. Such a situation 
exists in man where increased absorption of dietary 
cholesterol produces increased output of endogenous faecal 
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neutral steroids (Quintao, Grundy and Ahrens, 1971). 
However, the difference may simply be one of absorption. 
In the non cholesterol-fed state HO animals absorb slightly 
less than HR animals and endogenous neutral steroid output 
is slightly higher. 
In conclusion, the work in this thesis has 
established some of the causes of individual variation in 
plasma cholesterol concentration in both the non cholesterol-
fed and cholesterol-fed rabbit. In addition, two strains 
of rabbits with reproducible responses to dietary cholesterol 
have been established. These animals will be extremely 
useful in studies of cholesterol metabolism or hyper- and 
hypo-cholesterolaemic agents as they will enable the 
researcher to use fewer animals per experiment because of 
the reduction in individual variation. A preliminary study 
of the possible biochemical differences between these two 
groups of animals has been undertaken. Essentially, the 
plasma/liver partition is different between cholesterol-fed 
HO and HR animals and the output of total faecal steroids 
derived from cholesterol is greater in HO animals. Further 
experiments are necessary to define the differences in more 
detail. However, during the period in which work for this 
thesis was undertaken sufficient specially bred animals 
were not available to carry out these further studies. 
APPENDIX 1 
DETERMINATION OF QUENCH CORRECTION CURVES 
FOR LIQUID SCINTILLATION COUNTING 
Bulk solutions of scintillator (0.5% w/v 
diphenyloxazole in toluene) containing known amounts of 
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3 14 H- or C-hexadecane were prepared and aliquots (10.0 ml} 
of these solutions were accurately pipetted into 
scintillation vials. In order to obtain chemical 
quenching, increasing volumes (10-200 µ1} of chloroform 
were added to the vials. For silica gel quenching, 
increasing areas of gel from a TLC plate were scraped into 
the vials. The samples were then assayed for radioactivity 
in three channels with windows set such that there was a 
'd 14c h 1 14c h 1 d 3H h 1 wi e c anne, a narrow c anne an a c anne. 
The windows of the wide 14c channel were set to maximise 
h ff . . f 14 t. ( . tee 1c1ency o C coun ing counting rate as a 
percentage of the known disintegration rate) and to minimise 
the effects of quenching on the efficiency of counting. 
The windows of the narrow 14c channel were set such that 
the spillover of 3H counts was less than 1%. The windows 
of the 3H channel were set, not only to maximise the 
efficiency of 3H counting but also to reduce the spillover 
of 14c counts into this channel during dual isotope (14c 
and 3H) counting. The windows of the external standard 
channels were set to give an optimum range of external 
standard ratios (ESR) for use with the range of quenching 
expected. 
was 
The spillover of 14c counts into the 3H channel 
calculated as the ratio of 14c counts in the narrow 
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14c h 1 t th 14c · h 
3 h c anne o e counts 1n t e H c annel. The ESR 
and the efficiency of counting were noted for the range of 
quenched samples. The quench correction curves for the 
3H 
channel and the narrow 
14c channel were fitted to a curve 
with the following equation: 
Y =A+ Bl(X} + B2(X2 ) + B3(X3) 
where Y - efficiency of counting,% 
and X - external standard ratio. 
d 1 lab 1 . h ·11 f 
14 
. For ua e counting t e spi over o C counts into 
the 3H channel at various levels of quenching was fitted to 
a similar curve with the following equation: 
log Y =A+ Bl(X) + B2(X2) + B3(X3} 
h '11 f 14c . 3H h 1 n were Y - spi over o counts into c anne, ~ 
and X - external standard ratio. 
To determine the coefficients, Bl, B2 and B3, matrix 
coefficients of the 4 x 3 matrix were calculated from the 
data using program MC1D (Table 46) and the equation solved 
using program SMlD (Table 47). Program SM1D was written 
by Mr H. R. Kinns (Programmer to the John Curtin School 
of Medical Research). The goodness of fit of the curve 
was checked by comparing the fitted points with the 
experimental points. A typical example for the calculation 
of the coefficients for a 3H quench curve is shown in 
Table 48. Data files of the coefficients and intercepts 
for the three correction curves were prepared for the 
various types of quenching, i.e. silica gel and chemical 
quenching in the normal scintillator and chemical quenching 
in the normal scintillator to which methanol (1.0 ml) had 
been added (for counting of steroid digitonides]. Such 
..... 
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data files are shown in Table 49. To determine the radio-
activity present in a sample (as mµCi) the appropriate data 
tape was added to the general program L21D (Table 50) and 
the ESR and counts per minute for the sample entered from 
the keyboard console • 
..... 
*LC MC10 
*W 
C-FOCAL, U85 
0 1 • 0 5 I ( -SW ) 10 • 1 
01.06 T !I .. CALC OF MATRIX COEFFS FOR LS100 QUENCH CURVES .. ,! 
01.10 S SW•1:A "N'"-,N,1:F !•1,N:A !,X(I),Y(I) 
0 1 • 2 0 F I• 1 , N: D 5 
01.30 F !•1,N:D 6 
01.40 F !•1,N:D 7 
0 1 • 5 0 F J• 1 , 9 : T ! , % , A ( J ) 
01.60 L D MC1D:L S MC1D 
01.70 LC SM10 
1 42 
05. 10 
05.20 
s 
s 
X2(I)aX(I)t2:S X3(I)aX2(I)*X(I):S XaX+X(I):S YaY+Y(I) 
x2.x2+x2(I);S x3.x1+X3(I) 
06. 10 
16.20 
07. 10 
07 .20 
07.30 
07.40 
10.10 
10 .20 
10.30 
10.40 
10.50 
10.60 
HL70 
* 
s 
s 
s 
s 
s 
s 
A 
s 
T 
F 
E 
D 
T 
X(I)aX(I)-X/N:S X2(I).X2(I)-X2/N:S Y(I)aY(I)-Y/N 
X3(I)aXJ(I)-X3/N 
A(1)•A(1)+X(I)t2:S A(2)aA(2)+X(I)*X2(I):S A(5)aA(5)+X2(I)t2 
A(3)aA(3)+X(I)*X3(I):S A(4)-A(4)+X(I)*Y(I) 
A(6)aA(6)+X2(I)*X3(I):S A(7)•A(7)+X2(I)*Y(I) 
A(9).A(9)+X3(I)*Y(I):S A(e).A(8)+X3(I)t2 
I , " X" , A , " X2 .. , 8 , " X 3 .. , C 
DaY/N-A*X/N-8*X2/N-C*X3/N:T l, .. INTERCEPT .. ,%,1,0 
!, .. CALCULATED EXPTL" 
1•1,N:T l,%,Y/N+A*X{I)+B*X2(I)+C*X3(I),Y/N+Y(I) 
, • 6 
I I "ENO" I I I • Q 
Table 46. Focal program MCID used to calculate the matrix 
coefficients for solving the equations of the quench 
curves for liquid scintillation counting . 
..... 
..... 
•L C SM10 
•• 
C-FOCAL, UI 1 
11.12 T IMROUTINE TO SOLVE MATRIX EQ. AX•B FOR x•t 
11.84 T !"ENTER DIMENSION OF A, THEN• 
11.15 r !"ENTER coEFF·s A(J,K) ••• A(J,N) AND B(J)·r 
11.86 A L,f: S N•L-1: S I•-1 
11 • 11 F K• I , N: S R ( K) • K + 1 
81.12 F J • l,N: TI: F K•l,L: A A(J+K•L) 
11 • 14 S Ua 1 E-6 
'111 • 16 F Ja I , N: F Ka I , N: 0 4 
11.17 6 R(P)al. 
11.18 F Kal,L: S A(P+L•K)aA(P+L•K)/M 
11.21 F Jal ,N; 0 5 
I 1 • 2 2 S Ia I+ 1 
11.23 I (I-N) 1.14,1 . 26,1.14 
11.26 F Jall,N: F K•ll,N: D 7 
11 • 2 a F K· ., , N : r , 1.2 , .. x c M K , " > .. , 11,e • es , x < K > 
11.29 LC MC10 
14.15 I (R(J)) I, 4.3, 4.1 
84.11 I (FABS(A(J+L*K)) - FABS(U)) 4.3; 
14.211 S MaA(J+K•L) 
14.22 S P•J: S QaK 
04.31 R 
05.10 I (J-P) 5.2, 5.4, 5.2 
es.20 s o-A(J+L*Q) 
15,30 F K•l,L: S A(J+L*K)aA(J+L*K)-A(P+ l *K)*D 
15.41 A 
e,.,e I (FA8S(A(J+K*L))-1E-6) 7.3,7.3,7.2 
17.2! S X(K)aA(J+L*L) 
17.30 A 
* 
Table 47. Focal program SMID u s ed to calcula t e t h e 
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coefficients of the quench curves used i n liqu i d scinti l lat-
ion counting . 
-
L C ~.1C 1 D 
*E 
*G 
CALC OF MATRIX COEFFS Fon LS1?~ QUENCH CURVES 
N:q 
:15.32 :43.35 
:15.13 :42.79 
:11.87 :4~.12 
: . 0 • q 1 : 3 7 • 3 3 
:R.R1 :34.P7 
:P.05 :32.ofl 
:7.3R :31.25 
:6.3: :?~.41 
:5.75 :26.44 
~ .1~1226E+03 
~.21fH~84E+04 
~.3714P7E+05 
0 • 1 c· 8 , 6 8 E + ~ 3 
" • 4 7 6 {1 ° ~ E + r 5 
matrix 
~.r2172°E+06 coefficients 
~. 352202 E+f'4 
11.1~3~45E+?.R 
r, • 5 ,' 15 3 5 1 E + 0 5 
ROUTINE TO SOLVE MATnrx FO. AX=R FOR X 
ENTER DIMENSION OF A, THEN 
ENTER COEFF"S A(J,K) ••• A(J,N) AND R(,J) 
: 3 
:1'-1.l1.226 
:2180.A4 
:37148.7 
X ( ~) 
X ( 1 ) -
X ( . 2) 
X: 5. c:->626R 
INTERCEPT 
:2181'1.fl4 :37148.7 :168.36fl 
:4766° :P2172° :3522.02 
: p 2 1 : 2 ° : 1 4 3 0 4 5 ~ ~~ : ~ 0 5 3 5 • 1 
?..25~P2 •• 
s. 9A2tiR } equation 
,~.~~33~ coeff1c1ents 
X2:-.255R2 X3: .~~33 
- 0 • 5 E~ 7 1 5 P. E - ~11 2 
CAL~ULATED EXPTL Y = -0.59 + 5.96X-0.26X 
~ • 4 J 1 1 3 5 E + 0 ? l1 • tJ 3 J 5 0 ~ F + ~ ? + Q. Q Q J yJ 
V..4J0?~7E+?? ~.427°~~E+~2 A 
r.4~1~31E+02 ~.4l12~0E+~2 
V..J:11G5E+02 ~.3733~~[+?,2 
0 • J ..:: fl 7 3 3 E + 0 2 e • 3 4 [! 7 ~ ~ E + k1 2 
i.JJ2 U45E+02 0.J298~~E+02 
0.313302E+02 ?..31252~E+~2 
0 • 2 8 3 ° 6 1 E + 0 2 0 • 2 f14 1 ~ ?. E + 0? 
?..263960E+02 0.264~~~E+02 
ENO 
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Table 48. Calculation of coefficients of 3H quench curve 
using programs MCID and SMID 
11 
..... 
*L C LU10 
•• 
c-FOCAL, ue 1 
145 
01.'115 
6'1.11 
11.20 
01.30 
91.40 
T 
s 
s 
s 
s 
"LS101 Q CURVES FOR 1.0 MEOH/11 PPO/T0L .s,. 1/11/73" 
A(1)a11.1597:S A(2)--1?.5187:S A(J).q,)03 
81(1)•2.66152:S 82(1) •• 26334:S B3(1)•-.0250t 
B1(2)•16.1245:S 82(2).-1.~7601:S 83(2)-.12594 
81(3).-2.1465:S B2(3)•.3638B:S 03(3)•-.82388 
• 
• 
*LC LS10 
•w 
C-FOCAL, UI 1 
B1.B5 T "LS181 Q CURVES 
01.86 T ! 11 JH ONLY" 
01 .10 s A(1)a.l?5S)e6:S 
liJ 1.20 s B1(1)•8.22323:S 
01 .)(11 s 81(2)-16.8245:S 
liJ 1 .40 s 81(3).-2.1465:S 
• 
FOR SILICA GEL PPO/TBL .5~. 1/2/74" 
A{2)•-17.5)P.7:5 A(3)•9.)0) 
82(1)~-.59516:S B3(1) •• 01A07 
82(2)--1.976A1:S 83(2) •• 12594 
82(3)•.36388:S 03(3).-.02388 
Table 49. Data files of coefficients for quench curves 
produced by different agents or scintillation mixtures • 
•L C L210 
*W 
C-FOCAL, ue 1 
01.11.15 T "LS100 Q CURVES FOR 1e PPO/T~L .s~. 1/11/73" 
01.10 S A(1)•5.217:S A(2)--10.5165:n A(3)•7.19673 
01.20 S 81(1)-5.9~655:S 82(1)--.?9236:S 83(1)•.0054? 
11.11.30 S 81(2)•10.1835:S 82(2)•-.43722:S 83(?)•.~0525 
01.41 S 81(3)--.7373:S 82(3)-.05156:S 83(3)•-.11.1~14 
01.61 A l,"e·Go,NAAAOW14C,3H,WIDE14C".!,01,02,03, 
146 
01.70 A r"cALC DUAL LABEL(1),3H(2),0A 14C(3) ?",I:I (-1)1.8:T r"ENO":Q 
01.81c' I (2-I)4.1,4.2:T 1"3H+14C" 
81.90 A l"N0",N:T l 0 N14C CTS N3H E.S.R. 3H MUC/SUPLE 14C" 
(IJ 2 • 11 I ( 1 - I ) 6 • 1 : A I ., C ., .. .. C2 , .. " , X 
02.15 F J•1,3:S Y(J).A(J)+(B1(J)+X4 (82(J)+B3(J)*X))*X 
12.211.1 I (1-I)?.1:S Aa(C-01)*.045045/Y(2) 
02.30 S R2a((C2-02)-(C-01)*FEXP(Y(3))/100)*.045045/Y(1) 
11.12 • 511.1 T I , ,ie. 06 , .. .. , R2 , .. .. , A 
02.60 S U.M+1:I (M-N)2.1 
82.70 S M-0:G 1.7 
11.14 .1 B T I "WIDE 14 C": G 1. 9 
11.14.2~ T l"JH":G 1. 9 
06. 111.1 A I , C: I (2-!)6.2:A .. .. ,X:G2.15 
06.211.1 s Ra{C-03) 4 .4953£-3:S A2•0:G 2.5 
07.10 S A2a(C-D2)*.11.14511.145/Y(1):S A•ll.l:G 2.5 
* 
Table 50. General Focal program, L2ID for determining 
radioactivity (as mµCi) under conditions of variable 
quenching and with dual label counting. 
. ...... 
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